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A three phasé\experiméntal program was conducted to
evaluate the load deflectlon behlv1our of laterally loaded

\

brick veneer and steel stud curtéin warrs

\
\

The first phasevevaluated the ‘interaction of the metal
fies and steel stﬁds Effects of the wall cav1ty, tie type;
stud type, relathe dlsplacement 'S he t.e ends, and the
tie location wére inves* gated Tr ‘ie tests were.performed
on‘ both short individhil studs anc le a:. wall sections.

Phase‘Qyo evaluated the performamce of the steel stud
baéking wall;’Thg snpbort settlemer at the track and stud
‘junction and the extent of the tomposite .ion be*ween the
'steel studs and gyproé:sheathing were i~ zsiigated.

The final phase of the pe;ting program evaluated the
performance of sixteénglfull éized, brick veneer and gteel
stud, curtain wall specimens subjected to a positive
pressure loading. The effects of wall cavity, tie tyéé, and
stud type were inveétigated;

“

A semi-empirical model of the tie stiffness was

developed and subsequently used for a direct stiffness

»

analysis procedure to predict the behaviour- of brick;veheet

and steel stud curtain walls.

*
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1. INTRODUCTION
The use of masonry veneer with steel stud backing
wa&ls, for curtain wall construction, has gained in
popularity in the past few years. The steel stud backing
wall is quick to erect.and easy to insulate. When compared
to a backing wall comprised of concrete blocks, the steel
stud walls are much Ilighter, require no additional stud

innery wall and are easily modified for openings. Thus, this

type of wall system provides an economical and lightweight
alternative to the double wythe masonfy-cavity wall system.

The brick veneer and steel stud wall system is |
particularly useful as a durable cladding for high-rise
construction. For this type of application, each 1lift of
brick veneer is supported on a steel shelf angle whick is
"gttached to the building frame at floor level@ The steel
stud backing wall spans between each floor sl%b.

A masonry veneer and steel stud durtain Qall consists
of an exterior wythe of brick connected to a steel stud
backing wall by corrosion resisting metal ties. The airspéce
over which the ties span is currently limited to 25 mm. The
steel stud backing wall is usually sheathed'on both sides-by
gypsum wallboard. . |

" A wide variety of metal ties is avaiiéble for the
conﬁection‘qf brick veneer and steel stud backing. These
" types of ties range ffom corrugated metél,strip ties to

. . ) 3
heavy gauge wire tieg with adjustable connections to allow
.o By

for vertical movements.



Until recenélyw the brick veneer and the steel stud
wall systems had been used quite ‘successfully. However,

app11cat10n of this wall system for wall heights exceedlng

2700 mm., and with larger cavities for extra 1nsulat10n, has

resulted in unsatisfactory performance. There is, therefore,

a lack of confidence in the current methods of wall design.
The masonry veneer and steel stud cyrtain wall system

is an efficient form of cladding. Therefore, the uncertainty

in the performance of the walls resulting from curreﬁtly

accepted design'practices requires investigation. '
Presented are the results of an experimental

@
investigation conducted on masonry veneer and steel stud

curtain walls. The goal of this investigation was to provide

. . >
data on performance of the masonry veneer and steel stud

curtain walls in a variety of confrguratlons. The adequacy
of current design. methods is evaluated for both larger than
standard wall height and larger than standard gap. As part
of the investigation, the effects of tie type, sﬁud type,
and tie'coniguration on the load deflection behaviour of
the masonr/ veneer'and steel stud Qall system are also
evaluated. ‘ | |

To b tfgg/understand the behaviour of the wall system,
the interaction of eacﬁAof the system's component parts was
investigfted. Tests were performed on the steel stud and tie
junctioﬁand on the steel stud and gypsum wallboard backing

rd

wall. /

/

/

i



A review of‘the currently accepted design metﬁods and
recent expefimental work is presented‘ih the seéond chapter,
Subsequent ¢hapters present a summary of the expérimental |
ﬁprogram'énd its results, a discussion of the test results
and a review of analytical techniques developed ﬁqvmodel the
'hphaviour of the mgﬁonry veneer and steel stud walls.

Finally an evaluation of the adequacy of current design
. - .

methods is presented.



2. A REVIEW,OF . CURRENT DESIGN PRdCEDURES AND EXPERIMENTAL
w WORK

Masonry vedeer walls are currently designed almost
exclusively u%ing 10adingptab1es provided by various steel
stud manufacturers. These tables ignore the strength of the
brick veneer and simply assume that the steel studs will
resist the entire wind load. Hence, the steel studs used in
this experimental investigation were designed, according to
ehe CSA Standard S-136 (1974);'to resist the full wind
loeding; The maximum:deflection of the steel studs was
lim%ted‘to L/3§0.;

The spacing of the ties, the tie type and the maximum
gap recommended for use in masonry veneer walls are governed
by empiricaliy-derived iimits specified in CSA Standard
CAN3fS304—M78;. This standard limits the total height of
brick veneer alldwed in each lift of wall to 3.6 m.. It
further limits the gap td 25 mm. and the minimum gauge of
.corrugated-tie that can be used to 28. Maximum verticel tie
spacing vafies with the maximum horizontal tie epacing;‘for
a 400 mm. horizontal spacing, the maximum vertical spacing
is 600 mm. and, for a horizontal spacing of 600 mm., the |
maximum vertical spacing is 500 mm.. Q .

CSA Standard‘CAN3-A37—M84’ recommends different spacing
1imits for corrugated. ties. The new limits are 400 mm.
‘horizontal for a 600 mm. vertical spaciﬁg, and 600 ﬁ;.
horizontal for a 400 mm. vertical spaciﬁg. This Code

‘requires that non standard ties be tested using a typieal

4
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tie and stud assembly. The total deflection of this éssemblyA

must not éause‘cracking of the brick veneer. | _

The interaction of thi/pkick veneer and the steel studs
has been largely ignored'fﬁ the evaluation of the behaviour
of curtain walls. The B;i;k Institute of América’, however,
postulates that if tHe ties are arranged so that the studs
and brick deflect equally then.the®wind load can be
distributed according'to the relative stiffngss (EI) of the
two walls. Because the étiffer brick veneer will be required
to resist a large portion of the wind l1cad, the Brick
In;titute of America suggests that the present deflection
liﬁ?ggAgre not adequate and, accoraingly, recommends a &
deflection limit:of L/60Q to L/720.

The distribution of load, as a function of the relative
stiffness, is used for the design of cavity walls comprised
of two wythes of masonry. In cavity walls, the relative
stiffnesses of the two wythes are éf the same order of
maghitude. However, in a curtain wall, the'brick veneer is
considerably stiféer than the gteel stud backing wail.
Furtherﬁore, the support conditions and span lengths of the
stud and brick veneer differ. These factors argue against
the equal deflection of the backup and veneer. Tests on
full-sized curtain wall specimens conducted by Arumala and
‘Brown* at Clemson University, confirmed the inadgquacies of
load distribution by relative stiffness. They found that the

end cqnditidns, the difference in the span of the two

wythes, and the tie stiffness affect the distribution of

-~

~

—ga
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lateral load as much as the relative stiffnesses of the
brick and the §tuds. Thus}qhile the beﬁ;viour of the curtain
wall is greatly affécted by thé'interaction af the veneer
and the steel studs thereﬂare many other factors which also
have a si§nifican£ effect on the wall's behaviour. .

The analysis by Arumala and Brown of the results of

their full sized ?all tests indicated that there is little
or no intéraction‘begween the stggs_and gyproc sheathings in
the bigking°wal;. Their analysis‘alsd indicated that the
compfessible fillPr in the top expansion. joint provided
negligible restr;int to the movement of-the wall. With the
large différénfigl movement allowed at the top of the brick
veneer, the stress in the brick was reduced and the brjck:

walls were able fo reach their design load.. The safety

factors for the walls rangéd from 1.2 to 3.0. These factors

ofbsafety are lower than those geﬁerally used for masonfy<
design.
In ﬁhe Aru ala and Brown study, the loadbdefléction
behaviour of gh ties was studied for ties tested in
‘isolation from the rest of the backing wall. The ties were

tested betweenfa brick prism and a steel plate. A stiffness
factor was der{ved'f;om the slope of the load deflection
plot for each)bf the ties. This stiffness factor was then
used as a spring constant in their mathematical model of the
frame actioh/of the'walls. Their model and testing ignoréé;
the interactﬁon between the flange of the steel stud, tie

and gyproc.



Thefe is still relatively little information on the
behaviour of brick veneer and steel stud curtain walls. The
effects of the tie type, stbd'stiffness, cavity size, and
tie spacing on ‘the wall's performance need further

investigation, In particular,.the interaction of the tie,

"steel stud and gyproc must be investigated.



3. TESTING PROGRAM

3.1’Inttoduction

A typical masonry veneer curtain wall consists of'briEk
veneer, steél ties and a gyproc and steel stud backing wall.
To betté} understand the behaviour of masonry and steel stud
walls an extensive eXperimenfal program was conducted at the
University of Alberta's Structures.lab. The behaviour of the
ties, the brick "and the studs was ;fudied, both in isolation
and in combination. &

The following sections describe the testing program
conducted on the major structural componepts of these walls.
The first éection_describes.{hg experiments performed on ﬁhe
steel ties. Subsequent sections report the tegting program
carried out on the backing wall and full sized wall- '
sections. The tests condﬁcted on the BriCk veneer are

presented in Appendix A.

3.2 Tie Testing.

The purpose of the tie tests was to record the load
deflectioﬁrbehaviour and mode of failure of different types
of ties under a compressive axial load. A linear
approximation ofbthis behaviour was then used in a
m;thematical analfsis of the load-deflection behaviour of
~the full sized wall seétions. _ | | |
wall ties do not act in isolation. They interact with

the brick, the steel studs, and the gyproc panels. Previous

8
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studies mave examined the 1nteractlon of ties and masonry®
Results 1nd1cated that below the pullout load the masonry
has little effect on the behaviour of the steel ties. The
steel studs, however, have an open section and, as a result,
have a significant effect'on the behaviour of tha.tie; .

The gypgoc panels provide restraint to the flange of
the steel stud so that they also affect the performance of
the ties. To evaluate the contribution of each of these
components to the behav1our of the t1es, two serles of tests
were conducted on a selection of ties. In the flrst'serles’
the ties were tested on short lengths of a single stud and
in the second series the ties were tested on a full width

~wall section.

3.2.1 Brick Tie and Steel Stud Tests

3.2.1.1 Specimen Descfiption and Construction

There were two major parameters in this
experimental program; namely the ffe type and the stud
type. Five-differenc ties were tested; 24, 22, and 16
gauge corrugated strdo ties, a 6 gauge adjustgble'rod
"y" tie and a 9 gauge wire 1adde; tie. Table 3.1
describesAthese ties in more detail. The two studs used
were a 18 gauge 90 mm. (3 5/8 in.) and a 20 gauge 150

mm. (6 in.) steel .stud. The ties and studs are shown in

<

Figures 3.1 and 3.2 respectively. - )
A 450 mm. length of steel stud was cut and the ties

were fastened to the centre of the stud flange at -

\
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mid-height. A small pad of gyproc was placed between the
tie and the stud before the tie was fastened down. A
single No. 10 self-drilling sheet metal screw was used’
to attach all but the "V" ties. Each screw was located
as close as possible to the tie bend . The "V" ties were
fastened by two hex head, number 6, self-drilling
screvs. ’ | ;

The stud and tie assembly was then bolted ﬁo the
supports af the testing apparatus. Two-75 mm; léng, wood
bearing stiffeners were usea at the supports to preclude
any bending of the stud flangé by the clamping force of

the fastening bolts.

3.2.1.2 Testing Apparatus and Procedures

The testing apparatus consists of a sfﬂ!le—acting
loading jack, clamping mechanism, adjuétéble#travel
guide, load cell, and a linear variable differential
" transducer. Figure 3.3 is a schematic drawing of the
testing unit. A 200 lb. (W) weight was placed on the
clamp to preclude any upward movement as the tie
buckled. The increase in friction between the clamp and
éuidg, due to this added weight, was found to be
negligible.

After thé stud and tfé éssembly was golted to the
cross-mehbers, the tie was placed in the clamping
mechanism'énd securely ggstened.‘A backin; plate-was
used with the v, T, 16 éauge corruggtedé aﬁd ladder ties

'so that slipping of the tie within the clamping
. L &
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mechanism was prevented. The ties were claﬁped to
simulate the restraint that brick veneer provides.

A compressive load was then applied to the clamped
tie via a hand operated pump and the loading jack. A
transducer measured’the axial deflection of the clamped
end of the tie. The output from the load cell and the
transducér were plotted as the test .proceeded. A
load-deflection curve and a magimum load wés generated
for each specimen.

All the ties were tested on the 16 gauge, 90 mm.
studs. In addition to these tests the end offset (d) was
varied fbr the 16, 22, and 24 gauge corrugated and
ladder ties (see Figure 3.4). The gap (cl) was kept at a
constant 50 mm for all tests. The 22 gauge cbrrugated
ties were also tested using a gap of 25 mm..

The 16 géuge and 22 gauge corrugated ties were
tested oB'the.HSO mm. 20 gauge steel stud. In these
tests, the gap was kept at a constant 50 mm., and the end

offset was as close to zero as possible .

3.2.2 Tie and Wall Section Tests

3.2.2.1 Specimen Descripﬁion and Construction

In this phase of testing, a 1210 mm. long by a 1210

" mm. wide wall section was used as a backing for the tie
tests..This wall seétion consisted of ﬁhree steel studs
spaced at 400 mm. on centre, sheathéd on both sides by

12 mm. sheets of gyproc. The gyproc was fastened to the
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studs by 38 mm. (1 1/2 in.), "Teck", self—drilling, %lat
head screws at 600 mm. centres. The studs were attached
bto.the supporting channels using the manufacturer's
standard steel track for each gauge of stud. \

After the wall sections were fabricated in the
testing frame,‘the ties were fastened to the studs. On
each wall section, ﬁhe ouélines of the studs were
accurately establishéd. Each outline was clearly marked.
on the gyproc so that the locatioh of the screw , with
'respeét,to the stud.web, could Se'measured later.

Three wall sections were fabricated, two using the
18 gauge 90 mm. studs and one‘using the 20 gauge 150 mm.
studs. Only three types of ties keré tested in this
phase of the experimental program./@hey wefe the B.L.

319 "T" ties, and the 22 and 16 gauge corrugated strip

ties. .

3.2.2;2 Testing Apparatus and Procedures

The apparatus used to test the veneer ties 'and wall
sections 1is shown {n Fiéure;3;5. This testing frame
cénsisted of a c;louble—acting‘jack,~ tie clamp, adjustable
clamp quide, load cell, two linear variable differential
transducers, and the supporting channels for the wall
sections.

After the wall section was built, the‘ties were
fastened to’fhe center stud. While the vertical position

of the ‘ties in the wall varied with each tie tested, all

ties were tested within 200 mm. of mid-height. The tie



‘Figure 3.5 Tie and Wall Section Testing Apparatus
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was then clamped and measurements of its location and
gap were made. The offset of the tie ends was kept at a
constant value of zero. A -

One transducer, located at the back side of the
wall section, was positioned so that it was at the Qame
height as the tie. Thus, a measurement of the bean
deflection of the stud was made. A second transducer
measured the deflection of the clamped end 6f the tie.
By takihg the difference between these two deflections,
.an accuréte reading of the overall deflection behaviour
.of the tie-stud junction was obtained.

A compressive load was applied to the ties using a
hand'hydraulic pump to actuate the jack. The load cell
output, as well as the output from both transducers, was
plotted using a. three channelvplotter. Léad—déflection
curves were obtained for all specimens tested.

When the 22 gauge corrugated ties were tested, the

S

same backing was re-used for a series'of tie tests. Each
. » \ N
subsequent tie was fastened to the stud on an undamaged

area of the gypréc. This procedurerwas repeated until
~all but one area of the gyproc in thelcentré region of
the middle stud had been used;

The-fG gauge corrugated ties or the "T" ties vere
tested on the the wall sectidns after the 22 gauge tie
tests Qere completed. As the studs failed during the

testing of these stiff. ties, only one tie was tested on

eéch of the studs in the backing wall.
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The 16 and 22 gauge corrugated ties were tested on
the 90 mm. and 150 mm. stud walls. The "T" ties were
tested only on the 90 mm. backing wall section,

2 The final variable investigated in this phase of

the testing program was the location of the tie

" fastening screw on the stud flange, relative to the stud
web. Excebt for.thevtesfs.where’the‘location of the
dorrugated'tiee was pUrposely.variea, the ties were
placed as close as possible to the centre of stud flange
without measuring. The effect of the locqﬁ#ﬁg of the
screws was sinvestigated on both the 90 mm. and 150 mm.

: . T
stud wall sections. //‘

f |
g
3.3 Backing Wall Tests' ) k ' e

The next phase of the testing program evaluated the
strﬁctural behaviour of the backing wall. This wall con51sts,
of track, studs and gyproc sheathlng The load- deflectlon‘
behavior of each of these components: was 1nvestlgated in_ the
following ser1es of experiments.

The flexural behaviour, of the gyproc panels was
evaluated by loading. 100 mm. by 780 mm. strips of gyproc as
beams and observing thelr behavior. The procedures used, and
the results obtained from these'tests, are reported in
Appendix A. | |
. _During earlier tests, ih was noted that the flange of

the steel track used to fasten-the studs to the structural

supports underwent significant deflection upon loading. The

)
}
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First series of tests in this section attempted to quantify

[}]

. this effect.

One of the most important purposes of this phase of the
tesfingeprogram was to determine whether there was any
composite action between the steel studs and the gyproc
"sheathing. Tﬁe second series of tests wés conducted to
: determlne the extent of thlS composate actlon. In later
analysis, an accurate value for the. Young s Modulus (E) of
the steel studs was required. A set of tension coupons was
~cut from the stud metal\and tested. The results of these

tests are reported in Appendix A.

3.3.5 stud and Track Interaction

3.3.1.1 épecimen Description and Construction

“The deflection of the studs, within their
supporting track, was investigated in this section of
the egpefimental program. |
- Each specimen consisted of a.470,mm. length of stud
fixed between two 300 ﬁm. sections of track. A 200 mm.
wood bearing éqiffenerlwas placed at midspan of each of
the StUdS' The stiffener was used to preclﬁde»buckling
of the stud upon loadlng of the specimen. A ‘

Four spec1mens were fabrlcated two from the 18

gauge 90 mm. studs and two grom the 20 gauge-150 mm.

steel studs.



o, . '
3.3.1.2 Testing Apparatus and Procedures |
« EBach frack and stud'assembly was placed between a
'pair of fixedichannels.HThe track was fastened usihg 12
- pm. grade 2 capscrews spaced at 200 mm. cegtres. Two
metric dial gauges were then set at 30 mm. from thé each
end of the specimen. The loading apparatus, a
single-action jack and load cell, was then .located over
midspan (see Figure 3.6). | |
Using a hapd hydraﬁlic pump to actuate the jack;
the specimen was loaded at its centre. Static loads and

deflections were recorded up to the specimen's failure.

3.3.2 Stud and Gyproc Interaction

3.3.2.1 Specimen Description and Fabrication

Three specimens were fabricated and tested in this
series of experiments. The Specimens were constructed to
model a tYpical section of the gyproc and the steel stud'

 3 backing wall. All of the walls were built using the 90
mm., 18 gauge, steel studs. Before the wallfsections
were assembled, the dimensiéns 6f each stud were
accurately measured. “

Two of the wall sections were identical. Both
consiéted of 2 steei studs spaced at 400 ﬁﬁ. on centre
sheathed by 12 mm. gyproc on both sides. Standard 18
gauge track was attached to the énds of the steel studs.

The gyproc was fastened to the studs using "Teck"

screws, at a 600 mm spacing. Two lines of 12 mm channel

ke
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bfidging were brazed to the studs at the centre seryice
cut-oufs. Each of the.wéil sections was 800 mm. wide and
2700 mm. long.

The third specimen was constructed to be a more
exact model of the backihg walls usedvfor the.full sized
tésts. Thus, there Qere three stuas spaced at 400 mm.
instead of two. Also, 22 géuge'cor:ugatea strip ties
were fastened to the studs at a 400 mm. by 450 mm.
staggered spacing. The wall section was .1220 hm. wide
agd 2700 mm. long. All'other‘contrq;tion details were
the same as those in the two—stud'épecimens. Figure 3.7
shows the details of the three-stdd wall secfion jn its

testing frame.

0 3.3.2.2 TeSting Apparatus ana\¥rocedures
The specimens were fastened between two fixed -
channel supports using three 12 mm hex head bolts
equally spaced along the centre of the track. After the
wall sections weré secured, the loading asseﬁbly was

L 4 . .
positioned so that the third points of the specimen were

loaded. Figure 3.7 shows the apparatus used to test |
these wall sections. The load from the single-acting
jack was ﬁransﬁered to rollers-at the thifdApoints using -
a H.S;S. distributing beam. An extra distributing be;m
was used to limit the deflections of the rollér§ in ihe
three-stﬁd specimen's test.

‘_A.load cell was attached to the head of the jack

and thus measured twice the load transfered to each bf

L
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the rollers. Two metric dial gauges’were placedwat
mid-span of each specimen’. Each gauge was located on 'the
centre of the outside stud lines. On the three stud
section, gauges were algo lo;ated,QO mm from the
subports on each of thehoatside studs.

. The jéck was actuated using a hand pump. Readings

of the static load énﬁ all deflections were recorded up

to failure of the specimens.

3.4 Fuli Sized'Wail Tests

In the_finai phase of the experimental program full
heigﬂt, masonry veneer, curtain wall sections were subjected
to a pbsigive pressure loading. ‘

The purpose éf thisvseries of tests was to observe the
load defléction'béhaviour-of a typical section of veneer
wall. The effects of tie type, tie arrangement and stud type

‘on the deflection characferistics of this type of wall were

"investigated.

3.4.1 Specimen bescription and Construction

A fotal_of sixteen wall sedtions were tested in this
part of the experimental program. These walls were
fabricated and tested in four series with each series
consjsting of»fou; walls.

Figures 3.8 and 3.9‘show'therconstruction details 0£ 5
typical full sized wallfspecimén.'wa concrete slabs served

-as the frame for each of the specimens. The goncrete slabs



26

<

Detail A

L
1

000 |
| 1

1
o0

Steel —_| " | ‘ ' .
studs :

N 18

. \ ! ]

: ) , 1220 |
Brick i : 1 1
veneer |0 : ‘ : o

Ties V777277277 77277 ST
~ L C L
RO gl 8 | 400 | 400 |20,
A il A 3l ™
v Steel studs
' 90mm and 150mm
i Gap of 50mm and " 25mm
SECTION A-A
L1711 ~

200

| 1L 'IL - '!“—4' | o
200 500 100 .

Detail B

Figure 3.8 Full Sized Wall Specimen

~



27

S

12mm
Styrofoam rope

I0mm Expansion

Mono caulking ' ‘ anchors
“1:\ ' \ 3 at 450 O.C.

/, i2mm Exterior and
Interior gypsum wallboard

_——— Steel stud
/

il A
» ,M
// Mo o
DETAIL A’
8
T .
.\‘-/VN |
I - Steel stud
B
20ga. and 18ga.
- \ Track - SRR A
U
Butyl flashing —\"\\
\
DETAIL B

Figure 3.9 Full Sized Wall Specimen Details
N\



28

were separated by four 3.0 m. long, round H.S.S. columns.

Attached to each slab was a 12 mm shelf angle used to

support the brick vengér. These shelf angles were designed
so that the maximumxéorbel of the brick veneer was 25 mm..
The construction of all the wall specimeﬁs followed the
same éequence. The support track was fastened to the slabs
using three expansion anchors on each track. Three steell
studs were then attached to the track at a spacing of 400 mm
on centre. The studs were held in position by number 14
self-tapping sheet metal screws, one to . each end. Two lines
‘of 12 mm. channel bridging 3ere brazéd to the steel studs.
This bridging was run through the two centre service
cutouts. Both of the 12 mm. gyproc panels were then fastened
to the studs by 38 mm., self-drilling, "Teck" &crews spaced
at 600 mm. After the backing wall was completed, the butyl
flashing and the brick tiés were attached. The ties were
fastened in the same manner as in the small tests. Finaliy,
the brick veneer wall was bhilt. Eaéh wall was then cured °
for a‘minimum of 28 dayé. After twenty days of curing;'the
top expansion joint was filléd with '12 mm. Styrofoam rope
and Mono brand caulking. Figures 3.10 to 3.14 sth a wall
specimen at various stages its construction.

The brick veneer walls weré built by a journeyman
mason. A 5 mm. raking was performed on all the mortar
joints. Special care was taken to ensure £hat the
workmanship‘of<the’brickyofk was comparable to a well-built

t

wall in the field. The cavity was not cleaned.

=



Figure 3.11 Full Sized Wall Studs and Bridging Assembled

29
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3.12 Full Sized Wall Backing Wall Completed

Figure
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Figure 3.13 Full

LA

?

I

o
o

Figure 3.14 Full Sized Wall Specimen Completed
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All the mortar was mixed according to CSA A-179M*
sbecifications for type S mortar. Three mortar cubes were
made frqm'each,mortar batcﬁ.'six prisms were made aiong with
the walls in Series 1. For Series 2 to Series 4 a section of
brick veneer was cut from each of the walls. The results of
the tests conducted on’theee,brick sectibns are reported in
Appendix A. :

Sixteen walis were built and tested. The tie type and
'arrangement and the type of steel stud used in the backlng
wall were varied. Figure 3.15 and Teble 3. 2 summarize the
'1mportant parameters of each wall in the four series. The
only walls dupllcated were the two pa1rs of walls tested in

Serles 1.

3.4.2 Testing Aéparatus and Procedures

The fulllsized wall eections were tested in the
-apparatﬁs shown in Figure 3.16. The testiné ffame consisted
of four W shape columns, four connecting beams, a backing
wall comprised of a fluted steel deck and 12 mm,plywood,‘and
R\an air bag. } '
Yy The wall specimens were lifted inte thisvframe by a
" crane. The specimens wete.transborted using a cargo sling
uﬁder the supporting angle and lifting hooks located at ‘the
rear of the bottom slab. By lifting in this way, the walls
were not subjected to any stres; due to the transporting

procedure. After the wall section was positioned in the

appafatﬁé, the top slab was bo;tea to the column by a
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All tie spacing is 533 by 400mm
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Figure 3.15 A Summary of Tie Patterns '
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3.17 The ' L.V.D.T.s Assembly

Figure
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connecting beam on each side. The bottom slab was brought to

?

bear against a jack connected to the bottom of the columné.
A total of twelve linear variable differential . ™ ‘
gransducers'(LVDT) were used to measure the deflection of
each wall section. Six monitored the deflection of the b;ick
and six measured the deflection of the stud wall backing.
The transducers ;ere fastened to a common frame, yhidh in
turn was fastened to the two rear'supporting pipes (see\» !
Figure 3}17L:;The locations of the transducers on the brick
veneer and on the stud backing wall are shown in Figure
3:18. Wires connected the LVDT's to both the brick veneer
and the backing wall. The wires were connected to the'bridk

eneer using epoxy and extension rods. Screws were used to

attach gfthe wire to the stud backing wall. All the wires were

wall, was measured using a preSéure.transéuger attached to
the air bag. Air was supplied from the laboratory 690 KPa.
air system using a series of preSsure regulators;v |
All output fromﬁfhg meéspring devices was monitored by
a computerized daté acéuisition system. | |
After each wall specimen was fasﬁened into the testing
frame, a load of 0.30 KPa. (6.3 psf) was applied‘to the'wail.
to ensure proper seating of.the specimen. The load was then
removed and the gauges were set to zero. The wall’was
subsequeﬁtly lbaaed by slﬁwly increasing pressure in the air

bag. The wall loading was continued‘hntil either a peak load
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Location of LVDTs ' Yo Location of LVDTs
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N

' was reached or the wall loading reached a value of 4.83 KPa.

(100 psf). All sixteen walls were tested in this manner.
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4. TEST RESULTS . \

4

4.1 Introduct1on

In thls chapter g?he results from all t%fee phases of

©  the experlmental program are presented The first sect1qg

reports the findings of the tie tests. Subseqguent sectlons
present the results from the tests conducted on the stud i
backing walls and the full sized wall specimens. .

e

4.2 Tie Test Results ‘

The results of the stud and tie téé%é are presented in -
the following section. As previously dutlined, five tie
types were tested on Ehe short studs.(ie. 16, 22, and 24
gauge corrugated ties, "V" ties and ladder tles) and three
tie types were tested on the wall sections (ie. 16 and 22

gauge corrugated ties and “mepe ties). Two distinctive types_
of load deflectlon behav1our were observed, namely weak tle
:behav1our and strong tie behaviour. Weak tie behaviour w&s,
'observed in tests using the 22 and ;ﬂ gauge corrugated ties.
Strong tie behaviour was Qbserved in tests using‘1§ gauge
corrugated tiesn MA'A t?es,~"T" ties and ladder ties.
JFOUr'typicai'load deflectien plotsgane-presented.-Two
plots are presented"far the short stud tests with either
weak tie behaviour;or strong tie behaviour. The two plots.

presented'for the wall section tests demonstrate either weak

t1e behav1our ?r strong tie behav1our. The remaining data is

summarlzed in T;;IZE\Z\w\;Q\g;E;\\

39

e

\



e

\

4.2.1 Short Stud and Tie Tests

4.2.1:1 Weak Tie Behaviour

igure 4.1 shows the typical load deflection
behaviiour of the weak ties. Weak tié behaviour is
differentiated from strong tié behaviour primarily by
the low buckling load of the weak ties. The load
defllection curve can be separated into two regions, a
pos;tlvely sloped llnear reglon and a horizontal reglon.

The tie behav1our in-the first region is descrlbed‘
by a linear approximation. For each of the tie tests, a’
straight line was fitted to the initial portion of the
load deflection curve. The slopes from each of the test
curves are recorded in Tables 4.1 to 4.3. The straight
line shown in Figure 4.1 is an example of such an
approxtmation.

When a material behaves plastically, thebloag that
it will resist temains constant wHile the material
continues to deform. As shown®in Figure 4.1, the weak
ties behave in a plastié’mannep after the maximum load
was exfpeeded.

All 24 and 22 gauge corrugated ties follosed the

" load deflection pattern described above despite changes

in the following four variables; the stud type, the tie
: i S .

type, the end offset and the wall gap. These va7“
: only affected the slope of the linear portion of the .
curve and/or thetmax1mumubuck11ng load of the tie.“The

general shape of the load deflection curVe did not
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Figure 4.1 Typical Weak Tie Behaviour (Short Stud Tests)
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Figure 4.2 Typical Strong Tie Behaviour (Short Stud Tests)
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change.
The 90 mm gauge and 150 mm. 20 gauge studs

showed no signs of distress during the testing of the

weak ties. The gyproc pad , however, showed a small

amount of permanent deformatlon upon completion of the

tests.

4.2.1.2°'Strong Tie Behaviour

Figure 4.2 shows the typical load deflectlon
behaviour of the 16 gauge corrugated ties, "VT ties, and
ladder ties. These ties demonstrate strong tie
behaviour. The initial region of the strong tie load
deflection curve 1is b111near. THere is a change in slope
of the curve in the higher lpad range of this region.
Ultimately, the load deflection curve flattens to form
the plastic region. Thegglopes of the two lihear |
approximations and their respective maximum loads are
also tabulated in Tables 4.1 to 4.3.

As with the weak ties, changes-’in the four

experimental variables affect only the slopes of the

linear portion of the curve and/or the maximum load that
the tie-stud junctlon re51sted

‘ Specimen No. 41 was an. 16 ‘gauge corrugated tie and
as such should have followed a trilinear 1oad deflection
curve. In Table 4.3, only one slope is shown for -this |
specimen because the second slope waa so flat that it

could be approximated as horizontal.
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- During the testing of the gtrong ties, thé flange
of the backing stud bent éighificantly.at the higher |
loads. Before the maximuﬁ load Q;s reached, the flange

" and a portion of the stud web began to twist l?terally
away from the line of the applied load. The failure of
the strong tie-stud junction was due to the. tie .
buckling, or to the twisting failure of the stud flange

and web. ' // -

Ail the ties tested on the 18 gauge stud, except -
for thel"V".tieS, failed by the buckling of the tie. in
the "V" tie»éests, the 18 gauge stud failed. The 16
'gauge corrugated tie was 'the only sﬁrong tie tested on

_the 20. gauge Stud and failure in these tests was also
due to the twisting faique of the stud. In all the
‘strong tie tests, the flange of the bacKing stud was

perménently‘deforméd and the gyproc pad severely

crushed.

4.2.2 Tie and Wall Section'tests,

The load deflection beﬁéviouf of the ties tested
against the backing wall.sections can also be divided into
ties demdnstrating weak tie behaviour and strong tie
behaviour. As before, ﬁhe—22 gauge cofrugated ties behave as
weak -ties, while the 16 gauge corrugaied ties and the "T"

~

ties exhibit strong tie behaviour. -

Y
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4.2.2.1 Weak Tie Behaviour

Figure 4.3 shows the typical load deflectien
behaviour of the weak ties tested on the stud wall
section. The general shape of the curve is similar to
that obtained for the weak ties, in the short stud and
tie tests. Thus, as with the short stud tests, seraight
lines were fitted to the initial.portion of the load
deflection curves. The slopes'o%\fﬁﬂse lines are
tabulated in Tables 4.4 and 4.5. .

Figure 4.3 also shows the team deflection of the

‘backing stud wall. The slopes‘obtéined from the beam

deflection curve and the difference between the tie

slope_and the beam slope, for each tie test, are

recorded in Tables 4.4 and 4.5. This net slope was

calculated by taking the difference of the reciprocals
of two slopes.’ ‘
Failure of the tie stud junction is again due to

the buckling of the weak ties. The gyprqc/

immediately
behind the tie crushed during the testing but.the studs

were not damaged..

4,2.2.2 Strong Tie Behaviour

When the strong ties were tested against the wall
sections, the load deflection curves generated resembled
the curves obtained for the short stud tests for the
same tie type. Figure 4.4 shows a typical load

deflection plot of a strong tie tested agéinst the wall

section. Again, the lower section of the curve can be
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approximated by a bilinear relationship. The slopes of
the linear approximations and their respective maximum
loads are listed in Tables 4.4 and 4,5; Alsos reported in
‘these tables are the.slopes-of tﬂe loéd Qeflection
curves resulting from fhé beam deflection- of the stud
wall. Due to the limitations_ofuthe testing apparatus,
the load plateau for many of‘the téSts was not reached.

The tests where,this occurred have their maximum ‘loads

designated with a "+" sign indicating thatvthe actual

maximum load is higher. ' : . :
While the weak tie tests on{z\gégjated in the

crushing failure of the gyproc in.a very localized area,
the strong tie tests cauéed severe damage fo the stud
and gyproc backing wall. In both the "T" tie tests and
fhe 16 gauge tie tests, the ties punched through the
gyproc sheet and resulted in permanent deformétion to
the stud flange. |

I

4.3 Backing Wall Test Results

4.3.1 Stud and Track Interaction
The load deflectiof® curves obtained from the track and
stud interaction tests are shown in Figures 4.5 and 4,6.’

Figure 4.5 defines the load deflection behaviour of the 90

“mm. 18 gauge stud and track specimens, and Figure 4.6

defines the behaviour of the 150 mm. 20 gauge stud and track

specimens. The right hand side (R.H.S) and left hand side
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Y

(L.H;S):support load and settlement were plotted for:each
specimen.

The 18 gadab track and stud load deflectlon behaviour
is -approximately 11near in the lower load levels (below 2.0
KN.). An average of the slopes of the linear portion of each
of the curves is shown on the plot in Figure 4.5. Each curve
varies somewhat, possibly due to a'difference in where the
load uas applied. The load may have been slightly off centre
resulting in in one side being loaded more than the other. ..
The abrupt change of slope on the load deflection curve of
specimen 2 (R.H.S) is due to the track slipping 'in the
testing frame supports.

%ailute of the 18 gauge specimens occurred at the
centre of each of the studs; A’plastic hinge formed at this
point ef a load of 4997 N.'féf specimen 1 and at a load of

5264 N. for specimen 2. |

The 20 gauge track and sfud specimens load deflection
behaviour is also linear at the lower load levels. Unlike
the 18 gauge specimens, however, the 20 gauge spec1mens
exh1b1t def1n1te signs of yielding after a load of 1.0 KN..
Ignoring the yielding portion of the four load defleption
curves, an average of fﬁé slopes of each curve results in
the straight line shown in Figure 4.6.

Each of the specimens failed by a buckling.of the stud.
web at one of the supporfs. For specimen 1, thlS failure
occured on the left hand side at a load of 1520 KN.

Specimen 2 also failed on the left_hadd side but at a load
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of 1557 KN.. After the 20 gauge tests were completed, it was
observed that the 20 gauge track flange sustained permanent
deformation as a'resuit.ef the testing.
4.3.2 Gyproc end Stud Interaction

Figurel4.7 shows the load defiectien behaviour of the
gyproc and stud specimens tested‘under a third point
loading. Specimens 1 ane 2 are two—stud wall specimens'and
specimen 3 is a three-stud wall specimen. Also shown on the
plot, is the average support settlement for specimen 3.

The load deflection curves for all three specimens are .
predominantiy linear, especially at the lower loads.
Specimens 1, 2 and 3 failed at maximum-third point loads of
4393 N, 4349 N .and 6499 N respectively. The failure of all
three .specimens was due to a plastlc hinge forming at the
third point of the span on each of the wall specimens.

4.4 Resules of the Full Sized Wall Tests

’ The subsequent sections present the results of the load
?‘deflectlon behaz:our of the 51xteen full sized wa.l
specimens subjected to positive pressure loading. The tie
type, tie patteru and wall gap will be described fqr'each
wallysﬁecimen. The stud type changed only once during the
test1ng and thenefore w1llcye reported here. Serles No.1 and
No.2 tests used 90 mm. 18 gauge studs and- Serles No.3 and

No.4 tests used 150 .mh. 20 gauge studs.

L
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Appendix B contains all the load deflection plots for
the brick veneer and stud backing of each wall speéimén. The
maximum load shown on each plot is either the maximymggoad
resisted by the wall specimen or, in the case of Wallﬁ.that
wéde loaded to 4.83 KPa. (10038 psf.), an arbitrafily |

assigned load determined by the plots scale restrictions and

by the lcad at which a repeating pattern was observed.

4.4.1 Series No.1

4.4.1.1 Series No.1 Wall No. 1

‘ .The first wall in series No.l1 consisted of 22 gauge
éorrugatea,iies, agranged in tie,pattern A, with a gap
of 50 mm.. Figures B-1 and B-2 show the load deflection
behaviour of the s£ud backing wall and the brick veneer,
dp tdvéﬁe wall's maximum load. The curves in Figure B—1‘

R rd )
show that the defléction of the brick veneer remained

proportional to the load below a load of approximately
1.50 KPa. (31.4 psf.). When this load was exceeded, the
uppermost tie, located on the-middle.stud line, buckled
and the brick-veneer wall rotated about its base. This'
fétation resulted in a "zipper—iike" buckling of the
remaining ties. Figure 4.8 shows the appearance bf thé
wall'cavity after thg.buckling of the tiés.

The large deflection- of the top of the brick veneer
showed that the expansion joint, locaﬁed between the

veneer and the top angle, did not significantly restrain

the brick veneer's movement. when the maximum load of
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' . R .
1.53 KPa. (31.7 psf) was reached the brick veneer simply

rotated abqut its base and eventually came into contact
with the<stﬁd backing wall. | o |

The deflections of the atud‘backiag wall remained
proportional to the applted load 6§erg¢pe‘full load
range. Deflections of the stué'backing‘wall,'at the top
stud and track junction, confirmed“thé‘flexibilty of

this type of support connection.

&
4.4.1.2 Series No.1 Wall No.2

Wall No.2 was identical in construction-to‘Wall
No.1. The two walls had similar load deflection
behaviour. The tests results indicate that beiow a load
of 1.40 KPa. (29.2 psf) there was little difference in
their load deflection curves (see Figures B-3 and 544).
Both: the brick veneer and stud wall deflections were
approximately equal for a given load. The tjes in Wall
No. 2 began to buckle at a load of 1.52. KPa. whlch is
slightly higher than the buckllng load of Wall No.1. The
'tmax1mum 1oad that thls wall was able to resist was 1.75

©

Pa. (36.6 psf.).

4.4.1.3 Series No.1 Wall No.3’

Wall No.3 of Series No.1 consisted of 22 gauge

\"'"‘13" .
corrugated ties arranged in tie pattern A,.with a gap of
‘g‘}‘\;’ -

25 gm.. The load deflection behav1our for both uﬁe
backing wall and the br1ck veneer is shown in F1gures

B-5 and B-6. While th1s wall was able to resist a load

A
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of 4.83 KPa. (100.8 psf.), the load deflection behaviour
of the wall was @iotted‘only to a load of 3.00 KPa.
(62.7 psf.). Above this load, the wall continued the
deflection pattern shown in the load deflection curves
for loads between 2.00.KPa. (41.5 psf;) and 3.00 KPa..
The deflections qf Wall No.3 were proportionél to
the load, up to a load of'apbroximately 1.65 KPa. (34.6
psf.). When Fhis load was exceéded, a crack formed in a
mortar joint of the brick veneer at an elevation of 1340
mm.. The crack acted as a hinge so that the b:ick veneer
effectively became two members. Subsequent loading of
theAwall résﬁlted'in the brick.veneer rotating about
this hinge and transfering a larger portion of the load
“to the centre of the backing wall. While no failure of
the ties was observed, the large differential. movement
between the studs and brick veneer indicated that the

top row of ties must have failed at some point during

the test.

-~

4.4.1.4 Series No.1 Wall No.4

Wall No.4 was identical to Wall No.3 and its load
‘deflection behaviour closely resembled fhat of Wall
No.3. Wall No.4, cracked at.a load of 1.25 Kpa. (26.1
psf.). éhe crack formed in a mortar igigt at an
elevati0n®of-ﬁ735 mm.. Figures B-7 a;d B-8 show that
after the brick veneer cracked, it behaved as two

members joihed by a hinge. Subsequent loading of this

wall widened the-crack as.the stud backing wall 8

3
h

-
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deflécted.Agp Qignificant faiiﬁre of the ties‘was'

‘-bbserQed bu£ the‘load deflection plots indicate that the"
uppgrmost.ties on each of the stud lines must have
buckled. | |

As with Wall N5.3; Wall No.4 was able to resist a

maximum load of 4.83~RPa:.'Subsequént load deflection
data repeated -preceeding patterns, therefore the load
deflection response of this wall was only plotted to a

load of 3.00 KPa. (62.7 psf.).

4.4.2 Series No.2

4.4.2.1 Series No.2 Wall No.1 ' o qz)
h The first wall of Series No.2 was built using 22
gauge corrugated ties, arranged in tie pattern C, with a
50 mm. gap. ' K | ' .

The load deflection behaviour of Wall No.t is shown

in Fiqures B-9 and B-10. The deflectioﬁs of‘the brick
veneer and?ﬁbe stud wall increased propo;fionally to the
load until the brick:c:aéked at an elevation of 1935
mm., with:a 18ad of 1.46 KPa. (30.6 psf.). When the
brick veneer crackédA, there was an increase in the
deflections of the brick veneer and the steel stud
backihg wall. The tiesz at elevation 1866 mm. and 2400
mm. on the outside stud lines, showed signs of buckling
ét a load of 2.62 KPa. (54.7 psf.). Subsequent loading
of Wall No. 1 resulted in the brick veneer rotating |

about the crack as the stud wall deflectéd.‘The middle
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‘ties eventually collapsed at a load of 3.31 KPa. (69.1
psf.). Wall No.1 resisted a maximum load.of 3.35 KPa.

(70.1 psf.).

4.4.2.2 Series No.2 Wall No.2
| Wall No.2 was constructed identically to Wall No.1
except tie pattern B was used.

The load deflection behaviour of this wall is shown
in Figures B-11 and B-12. The deflections of the brick
veneer and the stud backing wall remained proportional
to the load until a load of 1.75 KPa. (36.5 psf.) was
reached. At this -load, tﬁe brick veneer cracked at an
elevation of ‘1610 mm.. The load deflection plots show a
large incredse in the deflection of both the brlck
veneer and the stud backing wall after the brick
eracked. Subseque;t loading of Wall No.2 resulted in
those ties, at mid-height, buckling when a load of 2.96
KPa. (60.5 psf.) was reached. After the paxfmum load of
3.46 KPa. (72,2 psf.) was reached, the top ties buckled -
and the uppef section of brick veneer rotated into the

backing wall.

4.4.2.3 Series No.2 Wall’No.3
Wwall No.3 was constructed using "T" ‘ties, arranged

in tire pattern B, with a 50 mm. gap. -

’ The load deflection | ,v1our of Wall No. 3 is

5
s

presented in Figures B-13 anﬂ B-14. The brick veneer and .

“stud backing exhibited deflectlons proportional to the

=y
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applied load. At a load of 2.07 KBa. (43.2 psf.), the
ypick‘veneef cracked in a mortar joint located at an
eievation of 1550 mm. . i
The plots show a large increase 1nlthe deflectlons,

above a load of 2. 07 KPa (43.2 psf.). Further lbadlng>
of Wall No.3 resulted in tgz-brlck veneer rotating about
the éracked joint, as the stud Backing wall deflected.

.fWall No.3 was loaded up £0.4.83 KPa. and no tie

failure was observed over this entire load range.
.

4.4.2.4 Series No.2 Wall No.4

Wall No.4 used "T" ties, afranged in tie pattern C,
with a gap of Sd mm. Figures B-15 and B-16 show the load
deflection behaviour of this wall. The brick veneer and
stud wall deflections are proportional to the applied
load. At a load of 2.76 KPa. (58.0 psf.), a crack formed
in the brick veneer at an elevation of 1930 mm.. A large
increase 1in the.§eflections of the brick veneer and stud
backing wall was Qbserved after the brick éracked |
Subsequent leadlng gé\Wall No.4 caused the brick veneer
to rotate about the mortar joint‘%s it followed the
deflections of the stud backlng wall,

Wall No. 4 re51sted a max1mum load_of 4 83 KPa.
During the full range of loading, no failure of the ties

V.
was observed. °
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4.4.3 Series No.3

20 gauge steel studs.

I

The walls in Series No.3 were constructed using 150 mm.

n

4.4;3;1 Series No.3 Wa11~N5.f.

The ties in Wall No:.1 were 22-gauge corrugated.
ties, arranged in tie pattern C , with a gap of 50 mm. .

The load deflection plots’for this wall specimen H
are shown in Figures 8-17 and B-18. The deﬁlection of
the wall appears £o be vproportional to the applied load,
up to a load of 2.97 KPa. (62 psf.). At 2,97 KPa., the
top ties began to buckle and subsequedt'loading caused
the brick Qenee; to rotate about its base. The maximum
load was 3.16 KPa. (66.0 psf.). After the ﬁaximum load
was reached, the brick veneer rotated into the stud

!

backing wall.

4,4,.3.2 Series No.3 Wall No.2

The 22 gauge corrugated ties used in the

construction of Wall No.2 were arrarnged in pattern B,

with a 50 mm. gap.
@ . s ”
FIgures B-19 and B-20 show the load deflection

.

behaviour for wall No.2. Up to a load of 2.20 KPa. (46.0

' ~psf.), the deflections of the brick veneer and stud

backing were proportional to the load. When the 2.20

KPa. load Qas'exceeded, the topvrow of the ties began to
buckle. Subsequent loading of this wall resulted in the

brick veneer rotating about its base and- a sequential f@

LS

~
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buckling of the remaining ties. The maximum load was
2.32 KPa. (48.4 psf,).Léaéing of Wall.No.z was.stoppea
Iwhen_the‘brick veneer céme into contact withrthe backiné
- wall. Over thé full load range, no cracking of the brick

veneer was observed.

-
5

4.4.3.3 Series No.3 Wall No.3 &

Wall No.3 included "T" ties, arranged in tie

pattern B, with a gap.SO mm. .

1

Figures B-21 and B-22 show the load deflection
behaviour of :Wall .No.3. Up to a load of 2.00 KPa.v(41;§
psf.), the deflections of the brick veneef and stud
backing'ihcreased proportionally to the applied load.
When ‘the 2.00 KPa. load wgé?exceeded,'a'crack formed én
the briékAyeneer at an ele&?tiqn‘of 1540 mm.. Furthéﬁﬁ“
loading bf,Wall No.3 resulted in a widening‘of thé~cr%¢k
as the stud bééking wall continued to deflect. At 4 lééd
of 3,10 KPa. (67.8 psf.), the webs of the studs began to
buckle at the top stud and track junCtiqn. Figuré 4.9
shows this juhckion after {t failed. Wall No.3 resisted
the full 4.83 KPa., loading without¥any noticeable
failure of the "T" ties. |
" 4.4.3.4 Series NQ.3‘Wall No.4
"T" ties and a gap of 50 mm were also used for Wéll

No.4. The "T ties, however, were arranged in the tie

pattefn cC.
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The load deflectlon bghav1our of thls wall spec1men
is shown in Figures B 23 and B- 24}$¥he wall's deflectlon
behav1our was proportlonal to the;fbad up to a load of
.14 KPa. (44 6 psf ) When thig load was exceeded the
br1ck veneer cracked at- an. elevatlon of 1265-mm.
resultlng in much greater_deflectlonSwof-the stu8l"
backing wall. The brick‘;eneer rbtated'about the'hinge

 formed at the cracked. mortar 301nt As with. Wafl No. 3.,_.;];_,

L] 8" “&';"., ék\_
-.the top of the steel studs falled at a'ﬁbad#o§'§%ﬁn KPa
oy ':"f j‘{l )
(67.8 psf. )i No tie. failuré was observkﬁ u';r& tHe
Ayl R
¢ . S " g,
max imum test load\of 4.83 KPa.. o Y
. e
oA Lt e . é‘i . -
g -
4.4.4 Serieg No.4 b : L - - R
4.4r4;1.8er1es-Na*€ X . - NP

Wall Noé

e )

t1es. These,ties were arrangﬁd 10

b owas construgted Us‘;§'2? gauge corrugated’
ie pattern B, with a
R e N

gap of 507 mm ; ' '~. éf.*} ;‘:ﬁ >

b

deflection R W

&

’ Flgures B 25 and B 26 showﬂtﬁéiIO”

behav1our of the brlck venger amd stud Bw‘ﬁﬁng The load

N =

deflectlon curves show that aftér the ﬁbp tﬁ%ﬁ began to

U—\,w

buckle, at a load of 0. 90 KPa. (19 2 psf) thes?rlck

_ began to rotate about Tts base. Subsequent }oad1ng of

this wafl resulted in: the sequentlal buckllng of the

rema1n1ng t1es and  a further rotatlon of the brlck
veneer. Up to the max1mum load of 1, 35 Kpa (28 3 psf )
o '
no cracklnq‘of the b:xck veneer or fa1lure ofuthe studs‘
B ’rb - ,\&A? .
o " y m‘ ~ °
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.and 'is not 1ndﬁﬂdeﬁ in the plot'

* web,’ at the top of the sﬁud ba%klng wa§§ failed at a

. "
x\z . “".“l:“v‘\h
h .M

e

LAt N s S .’ : «Jea—g

- A

3"4 s

T!; LVDT at an, elevatlon of 1700 mm., stuck dur1ng

testlng Therefore, data from thlS LVDT was dlsregarded

4.4. 4.2 Ser;es No 4 Wall No.?2
Wall No 2 was comprlsed of 16 gauge corrugated

ties, arranged in pattern B w1th a gap of 50 mm..”]
N . .
‘The load deflectlon behav1our of this wall spec1men o
w? & .

as shown in Flgures B- 27 and B -28. The brick veneer and‘_if

stud backlng deflected proportlonally to the applled

'3load up to a load of 2.50 KPa. (52.2 psf.). When thls-

141

load*mas exceeded the br1ck veneer cracked at an

elevatlon of 1065 mm.. A large. 1ncrease in theh

, deflectlons of both the brick veneer and stud back;ng.

) Ql. .

“wall was observed ‘after the brick’ cracked Fgfthert Sy

¥ ¥,

loadlng of Wall No 2, caused wgdenﬁng of the* crack as the
stud backlng wall deflected Between 2. 75 Kpa (57 6"
pst. ) and 3.00 kPa. a(sz 7 psf. )ﬁthe ties, at the 1333 )
mm, elevatlon,‘punched thiough the gyproc and began to
buckle the stud flange as showm in Flgureﬁg 10: The‘gtud

»

load of 3.45 KRa. (72. O psfa) ’Loadlngdoflahe wall to a

Ya

J

8:Ema:umum load of &t83 KPa. also rQSulted in failure %f‘

»
the stud at the lower trackLand stud jugct,o*

" The. 10ad deflectlon of the stud backlng wall, at an

. ,@«U "'~;<_“
elevatlon of 2700 mm., ;és not 1nc1uded On the load% .

a“@ T e &
deflectlon plots hecausktof a malfunctlon of the LVDT 1n
(ﬂ . ‘ ) ‘ - _ -;:“ t oy __“

thls;rocatlon. N A Sl
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4.4.4.3 Series No.4 Wall No.3 B

Wall.No.3’was constructed using ladder ties,

arranged in tie pattern D, with a gap of'50 mm.

Flgures B-29 and B-30 show the load deflection
,'pldtg for Wall No.3. The deflectﬁonmof this wall
-specimen was proportional to theiload, up to a load of

1.53 KPa. (27.8 psf.). At Fhis load, the brick veneer
cracged at.an elevatibn4of 1270‘hm..4Def1ections df‘the
~brick veneér and the stud backing increased rapidly
between 2;41 KPa. (50.4 psf.) and 2.75 KPa. (57.6 psf.).
The stud web, at the top stud and track,junctlon failed
“in thls load range." Further loadlng caused the top row
of ties to punch thrOugh.the'gyproc and bend th: stud

flange. The stud flange was bent to a shape similar to

that .shown in Figure 4.10, after the 4.83 KPa. maximum

4.4.4.4 Series No.4 Wall No.4

>

The final wall of the ﬁull szze wall section tests

O . 6\‘ o
was built using "V" ties. These tles‘were arranged in

-

the t1e pattern B, w1thﬂa ‘gap of 50 mm.. o

3

~The load det&qgtlon bghav1our of. Whll 80 4 is shown

d$ar . v*

" in Flgures B-31" and B-32. Deflectlons d;;ﬁhe brlck

. veneer and the stud backlng wéll were proport10na1 to

LA Q- £

the applled load ﬁp”to a, Ioad of . 2 07 KPa¥w{43.0 psf.).
P

. s . y ]
" When this_load was exceeded, the brixck veneer cracked at

&

an eleVation of 935 mm. The fallure-of the stud web

occur?%d at %he top of the backlng wall at a load of

49

%
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approximately 2.40 KPa. (50.0 psf.). Addltlonal loadmg

- 2
@caused local buckllng of the stud flangg at the top tie

¢

ﬁatlons. Wall No.4 achleved a maximum load of 4.83
KPa.. .



5. ANALYSIS AND DISCUSSION

291 Introductk?n,
The test results for all thr%e phases of the
exper1mental program are analysed-and dlSCUSSed in thig.

chapter. The first section examines the t1e tests and the

effects of the flve experimental variables. Subsequent
sections‘evalu%ge the'resu}ts of the backing wall tests and

full sized wall tests. The analytical models developed to

simulete tie behaviour and 'full-sized brick veneer and steel

stud curtain wall behaviour are examined. Finally,‘this

-

chapter'will present a review of the addquacy of the design

methods gutlined in Chapter Two.

5.2 Evaluation of the.Tie Tests

This seéction presents a gualitative evaluation of the

-

load deflection behaviour of the metal veneer"ties. The
. a

results of the tie testing program were sufficient to

—

.establlsh trends in-the load deflecthnvﬁehav1our of a

vt

number of dlfferent t1es under a variety of condltxg?s
However further tes ing rs requ1red to accurately quantify

the effects of the variables on the behaviour of the ties.

Two parameters are used to deflne the behav1our ~of the
4
tie and stud junction. These are the overall junction

stiffness and the maximum load of the ties. The stlffneSﬁﬁbf

- . I

the tie junction is #efined as the slope of the linears

"portion of the load deflection curve obtained from ®ach of

R 4

@
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the tie tests.
The effects of the t1e type, stud type, end offset
gap, and loca&mon of the tie on the slope of the curJe and
~on the max1mum load of the tie are dlscussed The d1fference
.&ln the-behav1our of the ties on the short stud tests and on

the wall section tests is also examined.

5.2.1 The Effects of the Tie %ype
. g& ,

5.2.1.1 Junction Stiffness
“’/ The effect of the tie type on the junction;
stlffness is¢explained by examining the action of ghe-
.junction under load. FigUfe 5.1 shows the assumed action
of the stud web and flange. The end of the stud web’is
assumed to be fixed and the web}and remaining flange
form a cantilevered'frame:/Upon loading, the stud flanoe’
and web are free to rotate and deflect asishown in
Figure 5;1.vConnecting a tie to the stud's flange, adds
another member to the frame, The screw connection
between tie and flange, allows s1gn1f1cant rotatlon and
I.1s therefore,;assumed to behave as a p1n.‘The clamped
end of the tie (br1ck end) L$~assumed*to be flxed w1th
respect te” rotatlon but free to translate ax1ally
When the tie and stud junction is loaded fe

-3

lateral stiffness of the t1e acts to restraln the sway
(S) of the web and flange fraﬂﬁ As- the 1ateral g'w =Q
stiffness of the tlewgz hncreased gge sway (S) and 1ts

,resultlnéﬁd%flectlon 661 are decreased When similar

‘.1'0'@"‘ . - : ) ' T,

) - : . .
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w
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ties are compared a laterally stiff tie has-a greater

\

overall junction stiffness than a laterally weak tie.
a@ two dfmen51enal analy51s was conducted n the
frame formed by the tie and stud. This analysis found
that there was little d}fference in- the load deflection
behaviour of the corrugated ties. Thereiwas a large
variation in the lateral stlffnes;: hut all the
corrugated ties were suff1c1ent1y stiff to reduce the

sway to an insignificant value. The analysis also

‘ indicated that the axial compression of the tie

accounted for less than one percent ,of the total tige

deflectlch

The 18 gauge short stud tests for 22 and 24 gauge
cOrrugated ties demonstrated weak tie behavi;ur. Their
load deflection curves éﬁ@ébited a linear region
follo&ed by a region at constant-load for increasing
deflectlon. These two ties demonstrated approximately
the same junctlon stiffness. The average slope for the -
22 gauge- tle ‘was 619 N/mm and the average slope for the
24 gauge tle-gas 587 N/mm. The dlfference was only five

percent '

/?b‘»: .
The 16 gauge corrugated ties, V t1es,-a.d ladder
tlQS demo#ytrated strong tie behaviour. They exhlblted

blllnear behaviour in the lower portion of ‘their load

“deflection curves. The change in slope is probably

causéd by the seeond order loading effects and the

\‘/

"crushing of the gyproc. These two mechanisms increase

-
«?

e
]
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the junction deflection #nd thus reduce the slope.

As there was permanent deformation of the sttongf
tie junction in the second linear region of their load’
deflection curves,lthe strong ties are assumed to fail
at the load ap whict,a significant slope change is
observed.’ Therefore the following dlspu551on of the
strong behaviour 1gnores the second slope of the load
~deflection curve. ' |
) The 16 gauge corrugated ties, tested on the short
18 gauge studs, exhibited a weaker junction stiffness
than‘was expected. The averaée slope for the 16~gauge
ties was 278 N/mm which was flfty percent less than the

-average slope for the 22 gauge t1es Thlszlarge a

varlatlon canﬁot be explained entirely by exper1menta1

[XS
w

varlablllty. EXamlnatlon of the failed test specimens
provides a possible explanation. The 16 gauge corrugated
_ ties are 1.5 mm. thick. The 22 gauge corrugated ties are
0.78 mm. thick. Therefcre, the 90 degree bend for'tce 16
gauge ties has a larger radius. This larger radius
combined with_largé amplitude corrUgations'produces an
eccehtricity of loading of'hp to 4 mm. with re;pect to

the gyproc and tie contact. Tﬁﬁs eccentricity of the tie.

load results in a prylng ‘action whlch 1ncreases~§@; load H ¢g§

at the gyproc and t1e contact p01nt The corgH" Qns

and bend reduce the effectave Contact area.

gyproc-
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crushes, the ecCentricit& of the load is increased and
the prying force eﬁfeéé is also increased. =y
\ < : - *y

The deformation of the gyproc is also increased by
;;e lateral stiffness of tﬁe 16 gauge tfe;. As the
flange of the stud deflects, the very stiff 16 gauge tie
remains rigid. Thus there:is an ine{easing angle formed
between the tie and stud flange. The tié‘lo;d is,
therefore, concentrated in an increasihély small area. .
As with the prying meé%aniSm, increased stress results
in increased gyproc deformations.

The crushing pattern of the gyprdc behind the 16
gauge corrugated ties supports the‘hypothesié outlined
above. | , |

The 16 gauge cérrugafed ties were included in the
‘ ‘teéting program toflnc}ease the range of'tié stiffness
tested. This gauge of tie is not normally used in steel -;”
_stua aga brick veneer curta;n wallsﬂ In fact, .the 16 e

] " o
'fled doveta11 ' ’

' gaufe corrugated ties used were

- anchors normally used to fasten%ﬁ f?f wgneer to concrete

0

walls. The poor performance of this tie is, therefore,

Abrick veneer curtain walls. Thls tie should no;;be us#

Jvs ANE

. m_gl?;‘: ”

s
b,

e

recommended. ' v.',i-

Crushing of the gyproc was not iéﬁ ficant for 22

and 24 -gauge corrugated ties or ladder ties. As a
Q,
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backing platform was used to.connect the tie directly to
f}he stud flénge,.the defofhati%n of the gyproé’was not
significant for the "V" t&es.

. p;daer ties are weak latgraif?nwhen compared to
corrugated ties. The 22 gauge corrugated tie ithwd
orders of magnitude stiffer than a ladder tie. The
decrease in lateral stiffhess_cquses the stud web to

.

sway more resulting in greater overall tie deflections.

Therefore the junction stiffness of a ladde;;tigﬁa:d
stud combination.ié weaker fhan a corrugated fie,énd
'stud combination. Results of the short tie tests
revealed that the ladder ties were'less.stiff axially.
than the 22 and 24 gauge cdrgggétgd ties. This confirms
the: assumed frame action of the stud flaﬁée and web.
Results of the short stud and "V" tie té;ts
indicate that the "V" tie junction is also weaker-than
zthe 22 and 24 gauge cérfugated tie judction;L The "V"
ties are also weaker than tHewladde}'tﬁes.?The results
for the "V" tie tests are contrary.to the expected
,behaviour for these stiff tiégl However, although the
rod portion éf the "V" tie is very sﬁgff lateraliy, the
clip connection allows a significant amount of slip i
between the rods and backing plafforms This slip b
significantly reduces ‘the latérallréstraint that *the "V".
tie provides the stud. Therefére, althéggh the 'v" tié
is very stiff by itself, its-overall junction stiffness .

‘i's less fhan the junction stiffness of the other- less

4

{
%
%é§§:§ﬁﬁﬁ
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substantial ties.

The "T" ties also exhibited. a tie stiffness that
)

was less than expected. The "T" ties were tested only on

_the wall sections. Their load deflection slopes were
subStantially lower than the slopes for the 22.gauge
corrugated ties tested_in the same manner. The frame
anelysis for the "T" ties predictedma stiffer tie and

A

stud'junctfon. The cause of the poor performance of the

"T"//}es is the substan ‘»formation of the gyproc
backing. Because the c cross-section of this tie
results in a small cont. +ea and high stress levels

"in the'gYproc, the<deformatien of the gyproc becomes' a:

significant part of the deflectlon o? the "T" t1es.
ery
The lateral stlffness of the metal veneer t1es

appears to be the t1e characterlstga that has the

greatest impact on the overall junction stiffness. A

[

greater lateral tie stlffness results in a greater»~

;junctfon stlffness.;'

.« IL

v

" The ma itude of stress ‘applied to the gyproc

so 1mportant The'backlng“of the tles‘
. W
that the stress applied to the gyproc 1is

.sheathing
should ensur

low enough fo preclude significant deformation of the

gyproc at sgrvice load levels;’

x

5.2.1.2 Maximum Load

' The maximum load of the t1e ]unctlon is greatly

affected by the type. of tie. Where the max1mum load of
RN

by th{ buckllng load of the

: 7
o .);. A'P S T *

the junction is.govez

a
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t1e, the. t1es w1th the greater radius of gyratlon have

the greater maximum load. ThlS applies to the weak 22

. -

and 24 gauge corrugated tles,,and to the 16 gauge

b

corrugated and ladder ties T - 24 gauge corrugated tie

has’ the smallest radius of gyratlon and an average Q”

PR

max imum load of 512 N. The ladder tie has the largesf“'

"

radius of gyratlon and the largest average ult1mate load

-

of 2060 N. |
The mode of junction failure changes at a
particular value.of the radius of gyration. For

gyfticiently Stiff,ties the failure of the junction is

due' to a failure of the -stud's flange and web. This type

of junction failure is demonstrated in the "V" tests.
The, results indicate that. the use of very stiff
._ties~dn con§mnction'with steel st ~acking is a waste

materlal because the maximum junction load 1s

governedaby the stud failure load f;

Two max1mum load values are shown.for each of’the
16 gauge corrugated ‘ties, ladder ties, and» V" ties in
‘Tables 4.2 to 4.5. The first value is the load at which
a significant’change in the slope of the tie load..
deflectlon curve is observed Second?order loading
effects and deformatlon of the gyproc become 51gn1f1cant
factors in,the load deflect1on beha;;our of the junctlon
‘above thlS load. As most load deéféctlon curves did not
possess a sharp slope changeé thgd Jlue of thas,flrst

maximum was subject td a large 1nterpretat10n error, The
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ladder and "V" ties.exhibited‘the ﬁighest first loads.
The 16 gauge corrugated tie exhibited first maximum o
lo?ds that were much lower. It appears that the ties
which restrain the sway of the stud the most and deform
the gyprogkthe Heast have the highest first maximum
loads. In general, the stiffer the tie thé higher ihe—
maximum loads resisted by the fie and stud junctién.

Howedégg there is an upper limit on the ultimate load of

the junction defined by the strength of the stud.

5.2.2 The Effect Of Stud Type

5.2.2.1 Junction Stiffness

As discuséed.in the previous section, the stud
flange and web behave as a cantileveredf%rame_(.see
Figure 5.1 ). Analysis indicates that any éhange in the
stud;gauge will drastically affect‘the stiffness of the
stanﬁard tie junction. '

In the short stud tests, the 22 gauge corrugated
ties tested on 20 gauge studs exhibited an overall
junbtidh stiffness that was less thap when they were
teStéd on 18 gauge studs. The thirty five percent
‘decrease in'gtud thickness for the 30 gauge studs as
compared to the 18 gauge studs, resulted in slopes that
were two thirds smaller.

The action of the weaker 20 éauge studs alleviates
several problems associated with the 16 gauge corrugatéd

ties. Increased deflection of the stud flange and web *
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decreases’&he deformation of the‘gyproc'to a:less
f:zsighificant portion of the total deflection. The*
junction stiffness for the 16 gauge ties is
approximately 15 percent less than for the 22“gauge
corrugated ties when both are tested on 20 gaﬁge*studs.
Reducing the thiékneés of the stud can drabt{cally
‘reduce the stiffness of the Stﬁd and tie junction

L]

zcause of the frame action of the flange and web of the
1

steel stud. :In fact, the thickness of the stud has a far

greater effect on the junction stiffness than the tie

type.

5.2.2.2 Maximum Load
The type of stud does not significantly affect the
ultimate load of the tie junction, except where the\
Akfailure load of the stud falls below that of the tie
used. The failure loads for the 22 gauge ties, tested én
20 gaﬁge studs, are not significantly different from the
failure loads of 22 gauge ties tested on 18 gaube studs.
A similar statement qén be'made for the 16 gauge
co;rugated tie tests. Howevér, in this case the maximum
loads are approximately tﬁe same becéuse the failure
load of the 20 gauge~stud appears to Sé appréximately

the same as the‘buckling load of the 16 gauge tie.

<



5.2.3 The Effect Of The Tie End Offset ' ,

5.2.3.1 Junction Stiffness .

The tie end offset has'little effect on the

| stiffness of the tie and stud junction.'An examination

of the forcesvacting on the stud flange indicates that
offsetting the ends of the tie does not affect the value
of the horizontal load applied to the centre of the
flenge. The deflection of the stud flenge and
consequently the junction deflection,.are not changeé;

Figure 5.2 shows the slopes of the load deflection
curves for the 22 and 24 gauge corfugated\tfe;-obtained
for various end offsets. While there is a high degree of
variatioh in the'Eest results, a deast squares curbel
fitting analysis indicates that. there is little change
in the junctiOh seiffness below an'offset of 15 mm.

The reduction in the jungtion stiffness for offsets

ey '

greater than 15 mm is probably caused by an increase in
the deformation of the gyproc. As the offset was
increased,'the 90 bend rotated aboPt the screw .
eonnection. This rotatien reduced the contact area and
resulted in an increased deformation of the Qypfoc,
Increasing the end offset for the 16 gauge tie did
' not reduce the overall stiffness of the tie and stud
‘junction. In fact, there appeared to be a small\increese
in the junction stiffness. However, because there was a
high degree of variability in the tests conducted, it is

.

.sufficient to conclulle that the end offset does not
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effect'theustiffnesslof the 16 gauge corrugated tie and
stud junctign.

In most appliéations of metal veneer ties, the end
offsg£ will be less than. 15 mm.. Therefore, the offsét
of tie ends «can be iénored when anélysing load )

deflection behaviour of the tie and stud junction.
' /

5.2.3.2 Maximum Load
‘The offset of the tie ends does no£ appear to
affect the maiﬁmumvload of the 22, 24 and 16 gauge
cortugatedlﬁies. Fi@ureVS.B shows the maximum loads of
the 22 and 24 gauge corrugated tieé for a range of
offset values. A least squares analysis shows little
change in the maximum loads of these t{es over the
entire range of offsets. The 16 gauge ties exhibit much
the same behaviour as the 24 gauge corrggated ties.
-~  The analysis 6f a tie with an increasing end offset
indicates that the maximum buckling load of the tie
should decrease és the end offset increases. However, .
the observed shape of the displaced tie'was not the same
as that illustrated in Figure 3.4. As the ends of the
tie wereféisplaced the 90 degree bend éimply:widehed and
.a beﬁd was formed at the clamped end. The tie itself
remained approximately straight. A tie in this
configuration will fail at a higher load than a tie

Vdeformed as illustrated in Figure 3.4, although not at

as high a load as a concentrically loaded tie.

»
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Variation of theiend conditions of the ties could

" account for the remaining increase in the stability of ~
the offget ties. Howeve&, further teﬁt1ng in this area

is required before an adequate hypothe51s can be

<

;ormulated. L\

.4 The Effect Of Gap Size

5.2.4.1 Juhption Stiffness
A two dimensional ‘frame analvsis ind ates that gap
size should not signifigantly affect th »oac deflection

/

behaviour of the styd and tie junction. Howe: the
results of the tie tests indicate that the 2 ige
corrugaged‘ties pnderwent significantly mére deflection
with a gap 6f 25 mm. than with a'gép of 50 mm. The
gyproc behind the ties with a 25 mm. gap was severely
deformed over a much smaller area than the gyproc behind:
the ties with a 50 mm. gep. \

The increased lateral restraint of the shorter tie
prevents the tie from'following the deflection of the
stud flahge.'Due to the difference in the rotations of ',‘l
theAtie and flange, an increasingly smaller area is '
16aded The resultlng increase in stress causes a;

greater deformation of the gyproc. kgain, the gyptoc\\\l> -

sheathing plays a major role in the load deflection

behaviour of the stud.and tie junction.
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5.2.4.2 Maxlmum Load .

Aocording to simple column‘theory, a decrease-in
the effectlve length of a concentrlcally loaded column
results in an increase in its buckling load. The maximum
load of the 22 gauge oorrugate; ties should increase
with a decrease in the ‘gap length Test results support
this and show. an average increase -in-the maximum tie
load of 60 percent'for a 50 percent decrease in the
length of 22 gaugelcorrugated ties tested.

5.2.5 Location Of Tie

5.2.5.1 Junct1on St1ffness
The locatlon of the t1e with respeqt to the stud

web has a signiflcant effect on the stiffness of the tie

Pl

and stud junction.”As the distanoe between the stud web

and the location of the screw inuthe tie increases, the
deflection of the stud and’ t1e junctlon increases.
Results of the wall sectxon and'tie tests are plotted in
Figure 5.4/, Whlle the gyproc sheathlng restralns the
deflection of the stud flange,' a definite decrease in
junction stiffness occurs as the distance from Ehe stud
web inoreases. All\combinations of studs and ties tested
on the wall sections shoﬁéd'sharp‘declines in junction
stiffness with an increase in web distance.

The above discussion applies to the initial slopes-
of the load deflect1on curves of the strong and weak

.

‘ties only. For the second slope of the strong t1es, no

~
7
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relétion be;ween tie location énd slope value was .
evident. The'distance from‘the stud wéb to the tie
location does not significantlf\change fhe amount bf
gyproc deformation.or %he magnitude of the second order
effectg.

In most wall construction, the location of the tie
is -highly variable. Thus the stﬁffness of any particular

tie and stud junction in a wall, can vary widely.

5.2.5.2 Maximum Load
The maximum ‘Load resisted by'thewtie and stud
" junction is not affected by the location of the tie.
Teéﬁvresults indicate tha£ the maximum-loads for all the
‘ties, both weak and strong, do not vary .with the
distance from the stﬁd web.

It should be noted that for most of thé stroﬁg
ties, the ultimate load.of ﬁhe tié was not reached, dﬁe
to the limitations of fhe'testing'apparatps. Failure to
define the ultimate load of the strong ties is not |
detrimental to the value of this .investigation as the
magmitude of the maximum applied loadﬁ,'even when
limited\by thé apparatus, is’éignificantly greater than‘

the loads experienced by ties in actual construction.

5.2.6 Wall Section Tests Versus Short Stud Tests
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5.2.6.1 Junction Stiffness

.

Values df the junction stiffness obtained in the

. .
N

wall sectlon tests were greater than in correspondlng
'short stud tests; For the 22 ‘and 24 gauge corrugated
ties the-effect}ve junctlon-stlffness approxlmately
quubled.»The two slopes for the load'deflection curve ofl
the 16 gauge corrugated t}e load deflection curve also
increased. “

The gyproe sheathing signiticantly festrained the
deflection of the stud flange and web. The gyproc was
essumed to.span continously across all three studs of
the wall section-and a frameianalysis of the resulting
vstsucture indicated that the stud and junction stiffriess
theoretlcally increased by approxlmately 80 percent, due
to the presence of %he .gyproc. The properties for the
gyproc used in this analysis were obtained from the.
tests reported in Appendix B. Both tests and analySis
show_that the presence of exterior gyproc sheathing c¢an
‘greatly increese the stiffness of the tie and stud
junction. Replacement of this exterior gyproc by more
flexible sheathing w)Ql probably cause a significant
reductlon in the et?ective stiffness of the tie and stud

Junctlon,

N
5.2.6.2 Maximum Load

The maximum loads for both the weak and strong ties
were not affected by whether or not they were tested.on

short studs or on wall sections.
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5.3 The Evaluation of Gyproc, frack and Stud Interaction

In brickéggneer and steel stud curtain walls, the stud
backing wall is?comprised of studs, supporting track, and-.
gyproc sheathing. The interaction. of gﬁese th:ee‘componentsv
is the subject of the following discussion. |

Results of the stud and track tests indicate that the
flanges of the 90 mm., 18 gauge and 150 mm., 20 gauge steel’
track deflect significantly under load. The load deflection
behav1our of the 18 gauge track remains approximately llnear
to a load of 2500 N.. Up to a load of approximately 1000 N
~the load deflection behaviour of the 20 gauge track is also
linear. Figurés 4.5 and 4.6 show average slqpes of the
linear regions of ﬁhe 18 and 20 gauge track load qeflectién ;
curves. The average slope of the 18 gaugé track is 1720
N/mm. and the average slope of the 20 gauge track is 867
 N/mm. . ‘ ‘

As expected the 20 gauge track is significantly Qeaker
‘than the 18‘gauge track. However, for both the 18 gaﬁge and
20 gauge track specimens a.screw-was used to fasten thé stud.
ko the track flange on the load side. Thus, the load qas"
resisted by both flangés. If the studs are held in place by
crimps or just by the gyproc sheathing, there will be only
one track flange resisting load resulting in considerably
more support settlement of both the 18 and'20'gaugé stud and
track connection. '

The support settlement of each of the two stud bécking

wall specimens was calculated using the 867 N/mm. slope
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obtalned-from the 18e§auge track tests and assuming that
each stud and track conneccion'SUpported one quarter of the
‘total spec1men load. The resulting support settlements werel
then .subtracted from the centre span deflect1ons to produce
the load deflectlon curves shown in Figure 5.5.

Figure 5.5 also shows the load deflection curve oi‘the
three stud backing wall .specimen (No.3). The true ceptre
spau deflections,.for this specimen, were calculated oy
.taking'the difference between the average measured centre
span settlements and the average measured support

-

settlements. . ’ . 5 N

The linear portion of each of the load deflection
curves yields an average slope of 185 N{/um., for the-twb
stud wall specimens (No.1 and No.2), and a slope of 320,
N/mm for the three stud spec1men (No 3).

The effectlve moment of inertia (I), for each wall
spec1men, was calculated using the classic elastic beam
formula: ‘

A=23PL> - : (1)
648 E I

For each calculation, the slope of the load deflection curve
was set equal to P/A and the value of Young's Modulus (E),
as obtained from tension coupon tests reported in App;ndix
A, was taken as 210500 MPa.. |

The above calculations yield an effective moment of
inertia of 6.14 x 10°® mm*., for specimens No.1 and No.2 ,
andﬁan effective moment of inertia of‘10.31 x 10 mm*. for

specimen ' No.3. These values equate to an effective moment of
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inertia per stud of‘3.07 x 10% mm*., for the tYO stud wall
specimens, and an effective moment of inertia of 3.44 x 10°
mm*. per stud, for the three stud-wall‘seétions.

An averége measured moment of inertia was calculated
using tﬁe measured dimensions of‘éhe étuds.,Comparing
effective moment of inertia to the avérage measured moﬁent
of inertia of the stud shows that there is little‘difference

m

Petween'the two values. In the case of the two stua
speéimen, theCEffec£ive moment of inertia (3.07nx 10%) is 93
percent of the average measured value (3.3 x 10°). The
effective moment of inertia of the three stud wall specimen
© (3.44 x 10%), is 10 percent larger‘thénlthe average measured
‘moment of inertia (3.14 x 10°). | .
All -three tests indicate that:there is no significant
. composite raction bétween“thé gyproc sheathing and the 90
mm., 18 gauge steel studs. The only significanf structural
. 'benefit of the gyproc sheathing is 'its restraint of the
' gtud's flange and web. This restraint stabilizes the stud
égéinst lateral torsionai buckling and, as mentibned

’

- earlier, increases thé;gffective stiffness of the ties.

5.4 Evaiuationvgf Full Sizéé Wail Tests

This section evaluates the performance of the sixteen
full sized wall specimens. The objective of this research is
to evalﬁate“the performance of brick veneer and steel stud
curtain walls designed close to the limit of current CSA

specificationé. Each wall specimen was 3200 mm. high. The

4
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code, limit is 3600 mm...The height of the specimens was
greater than the height of most curtain walls used in

construction.

%

To properly evaluate the performance of the fuil'siied
wall sections a comparison must be made between the failure
load and the design load of each wall specimens. According
to the steel stud“manufactuéer's load table, the wall
specimens using 90 mm., 18 gauge studs have a design load of
1.21 KPa. (25.2 psf.), and:the specimens using'the 150 mm.,
20 gauge steel studs have a design load of 2.70 KPa. (56.4
psf.). For the purposes of this report, the failure load of
the wallxseéiions ié defined as.the load at which the brick
venéer cracked or the load at wﬁich the ties buckled. 150 v
mm.,, 20 gaﬁge studs were used to evaluate the perforhance of
thb‘brick veneer and steel'stﬁd curtain walls over a wide
range of backing wall stiffnesses.

5.4.1 Wall Perforﬁance

The failure loads of the sixteen wall specimens are
summarized in Table 5.1. The table also includes fhe mode of
5failure and the design load of the walls. The sixteen wall
Jspecimens can be separated into two groups; walls

‘constfucted using the 90 mm. 18 éauge'steel studs and walls

constructed using 150 mm. 20 gauge steel studs.

5.4.1.1 90 mm. 18 Gauge Walls
Table 5.1 shows that all walls constructed using

— the 90 mm., 18 gauge steel studs attained their»design
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lbad. The factors of safggy ranged from 1.03 to 2.3. For
this height of wall, the procedures'used for the design
of brick veneer and steel stud curtain walls result in
walls with factors of safety lower than what is
generally acceptable for masonry design.

Wall No.4 in Series No.1 exhibited the most
unsatiséactory performance. This wall barely reached the
design load. While the gap on this wall was sufficiently .
small to‘preclﬁde tie buckling as the initial mode .of
- failure, the structural support was flexible enough to
cause cracking of the brick veneer.

The load aeflectiqn curves in Appendix ? show that
the walls constructed using tie pattlern A underwent the
greatest deflections of all tﬁ% wall specimens resulting

in the cracking 6f the brick vgneef at lower loads. The

use of ‘tie pattern A also increased the tributary area
of the top ties, thus lowering the wall load at which
'fhe top ties buckled. Conseguently, cdnstruction |
practices resultiﬁg in tie\;attern A shéuid be avoided.
This patterning of ties is most commonly seen ‘at the
corners of walls and around openings.

Tie pattern B is the tie pattern most ;ommonly
found in cuftain wall construction. The <two walls |
conistructed us}ng this tie pattern and 18 gaige studs

deflected less when compared to walls constructed using

\

pattern A, but deflected more than identical walls using

-~
b

tie pattern C.
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Tie pattern C utilizes an extra tie at the top of
the center stud line. This extra tie reduces the
deflection of the wall slightly by reducing the load on
_ each of the top ties. The reduction of the tie load also
increases the wall load at which the 22 gauge corrugated
ties buckled. Although the cracking load of the brick
~veneer for 22 gauge ties and tie pattern C is lower than
that of a similar wall employing tie pattern B., the
brick veneer of the wall employing tie pattern C with
‘the "T" ties cracked at a higher load than a similar
wall employing tie pattern B. The premature cracking of
the.well employing 22 gauge’corrugated ties with tie
pattern C is probably due to the low modulus of rupture
for the brick veneer. Thus, tie pattern C improves .the
performance of the brick veneer and steel stud chrtain
walls and_its use is recommended. .
| As indicated by the performance of Wall No.é and
Wall No.3 of Series No.2, the type of tie used_in the 90
mm, 18 gauge stud walls has.little effect on the load
deflection behaviour at low load levels. Figutes.s.s and
5.7 show little difference in the deflections of these
walls up to a loading of 1.50 KPa. (31.3 psf.). As
service level loads are below this load, it can be
concluded that the 22 gauge corrugated ties and "T" ties
.perform.equelly well'under service load conditions.

— A -comparison of Wall No.1 and Wall No.4 of Series

, «
No.2 indicates that the load deflection behaviour of the
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"T" ties and 22 gauge ties are also the same for tie
pattern C. below the craéking load of Wail‘No.l.

The evaluation of the tie tests indicatés that™ ’
there should be a difference between the load deflection
behaviour of walls using 22 gauge corrugated ties and
”thOSe using "T" ties. However, the.tie tesés also show
f that the location ofbfhe tie, with respect to the stud
web, has a dramatic effect on the tie and stud
étiffness. Therefore, the variation of the tie location
in each wall was ﬁrobably sﬁfficiént to hide any effect
_of the "T" ties' reduced tie and stud junction.

A Y

stiffness.

Tie type primarily affécts the ultimafe failure
mode of the waIls.'If‘thé ties are sufficiently weak ,
the mode of’failure'will be tie buckling which is
uﬁdesirable. The ties should be arranged in patterns
that will guarantee that the load on each tie does not
exceed the buckling load of this particular type of tie,

" before cracking of the brick veneer.

5.4.1.2 150 mm 20 Gauge Walls

Table 5.1 indicapes that only one wall constructed
using 150 mm., 20 gauge studs reached the design load
before failing (Wall No.1 in Series 3). The currenf
p;ocedures used to design brick veneer curtain walls
appear to bg_inadequate. ‘ |

As for the 18 gauge steel stud'curtéin walls, tie

pattern C performed the best with the least deflection
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and the highest failure loads.

The fype af tie had a greater effect on the load
deflection behaviour of the brick veneer and 150 mm.,, 20
éauge steel stud curtain walls than forvthe walls
utilizing the 18 gauge studs. The total deflection of
the backiﬁngall was so small that the deflection of the
stud and tie junction became significanﬁ. For the same
load, the stud and tie junctio? for the 20 gauge walls
defleéted much more than the junction for the 18 gauge
walls. At the lower load levels the tie type did not
chang® the load-deflection behaviour severely. The 16
‘gauge corrugated ties exhibited the most deflection.
There was very little differeﬁce observed between the
load deflection behaviour of the "T" ties and the 22
gauge corrugafed ties before the ties buckled. Again, it
is likely that the varied location of the ties masked
some of the effécté of the different tié types. As with
the 18 gauge stud walis( thé type of tie primari;y
affected the mode of failure of the walls.

A comparison of the deflections of Wall No.2 of
Se{ies No.2 and Wall No.2 of Series No.3 indicates that,
at a load of 1.50 KPa. (31.3 psf.), the maximum
~ deflection of the brick veneer of the two walls differed
by only 15 percent. As the stiffness of the studs in the
backing walls changed by a factor of 2.1, a much greater
difference in the deflections of the two walls was

‘expected. However, increased tie and stud junction
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deflections increased the deflecti6ns of the brick
veneer and thus counteracted the ®ffect of the increased
stud backing wall stiffness. The effective §tiffﬁess of
(he stud backgng was also reduced by significant‘
deflection of the stud supports.

The performance of thé ladder ties and the 24 gaugé
corrugated ties in the 20 gauge stud wallsj;as vegy
poor. The 24 gauge ties buckled at a load thét'was one
third of the design load. The buckling of this tie at
"such a“low loaa makes it unsatisfactory for curtain
walls with 50 mm gaps and tie arrangement B. If the 24
gauge ties had been arranged in tie’patéern C they may
not have buckled as soon but it is doubtful whether they
would have been able to reach the design 1o§d of 2.70
KPa. (56.4 psf.).

The ladder ties had cross wires spaced at 381 mm.
oﬂ center. The tie\load was, therefore, transferred to
the stud‘flanges at distances greater than oné half of
the flange width from the stud web. This resulted in
weak stud and tie junctions and subsequently large'srick
veneer deflections which caused early cracking'bf‘the
veneer. If the cross wires had beeﬁ spaced at 400 mm.
there would have been a considerable improvement in- the
performance of the ladder ties. |

The 150 mm., 20 gauge steel stud backing walls,
"unlike the 90 mm., 18 gauge backing walls, failed at
load levels exceeding 3.10 KPa. (64.8 psf.). There were

\
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tw§ forms of stud failure; the first form was a shear
buckling of the stud web at the top-s;ud and track
junction, and the second form wés a buckling of the stud
flaﬁge at the stud and tie junctions. Thus, eveniif the
brick veneer did not crack, the 20 gauge studs would
fail at loads barely exceeding their design load.
Rotation of ‘the brick veneer concentrates thé wind load
at the top of the supporting. structure. This
concentration of load at the top of the backing wall
probably caused the prémature buckling of the stLd;

 All the wall specimens performed poorly in relation
to their design loads. The brick veneer and 90 mm., 18
gauge stud wall specimens were able to reach their ,
.design loads, but they had very low factors of safety.
The type of tie used did not significantly affect the
stiffness of thelwall. However, the mode of wall failure
was governed by both the type'ofbﬁie and the pattern of
the ties. Tie pattern C improved the performance of the
Qalls particularly'in regards to post cracking
behaviour. ThéAperformance of the 150 mm., 20 gauge
sfuds questions the rgliability of using this type and

height of wall for load levels exceeaing 1.21 KPa..

5.5 Analytical Models
This section presents the analytical techniques used to

model the load deflection behaviour of the brick veneér and

steel stud curtain yalls.
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A two dimensional stiffness method was used to analyse
the frame action of the brick yeheer, the ties , and the
steel studs. This method,used the bas{c matrix equation:

{Fi} = [Kij] {a3} (2)
“Where Fi are the forces at each node of the frame, Aj is the
nodal degrees of freedom, and Kij is the elastic formulas
relating to each nodal force. The unknown displacements
(degrees of freedom) are calculated using Eguation No.2 and
the applied nodal forces. Therefore, any unknowq forces. can
be solved.using Equation No.2. ’

A computerized version of the direct stiffness method
was used for the analysis of the brick veneer and steel stud
wall section. The wall model used for this plane-frame-truss

program is showﬁ in Figure 5.8. Each membef, its‘nodes, and
the nodal degrees of freedom are shown in this figure. The
pléne frame analysis assumes that each stud acts
independently with a 400 mm. widé section of brick veneer.
Thé flexibility of the track and stua connection is
modeled u;ing a "dummy" member at each end of the stud.
These dummy members have an axial stiffness but no flexural
stiffness. The qxial stiffness was defined by an effective

area (Ae) using the eguation:

Ae = P L , (3)

A E
Aﬂ effective areg ;;kgcalculated by'settihg P/A equal to the
average slope obtained from tests on each of the track
types, L equal to 50 mm. and the Young's Modulus (E) eqﬁal

to 210,500 MPa. The effictive-area used for the dummy
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members was 0.409 mm*., for the 18 gauge track and 0.200
mm’;, for the 20 gauge track.

The load deflection behaviour of the tie members was
modeled in a similar fashicn. Each tie memcer was given an
leffect1ve area based on Equatlon No.3. The value of E was*
taken as 210500 MPa and P/A was set equal to the slope of
~the load deflectlon curve for the tie junction.

The behaviour of the.curtein wallsfwas analysed for

increasing positive wind load. After eeghﬁiq¢iemehtal
. . Ea Lo

i

increase in the wind load the axial load§ Qﬁzeach tie were

checkec. I1f the tie loads exceeded the mffdmum load for that
tie theq_the tie was removed and re51st1q?*301nt lbads were
applied at each of the ties' nodes. The ﬁélue of this joint
load was equal tc the maximum load of t iﬁtie. For the "V",

"T", ladder, and 16 gauge corrugated tlééﬁa weaker tie

effectlve area calculated from the secoqd‘slope of the load

deflectlon curves of these ties.

5.6 Evaluation of the Analytical Model
This section of the report compares the results of the
analysis to the results of the wall tests. This’éompa;ison

determines theveccurecy of the model in describing the-
—

behaviour of the walls. The results of the analysis for four

wall specimens are discussed. The four walls included in the

following discussion represent a variety of tie\tybes and

stud types with which to evaluate the analysis technigues
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and models. The-analytical results for .the other twelve
walls agree with their test results to an equal or bette;
degree than the four’walis chosen. l

| The modulus of Elasticity (E) of the brick veneer walls
was obtained from the tests reported in-Appendix A. The,
values of E used for the analy51s ranged from 8000 MPa to
10,000 MPa. Results pflthe.brlck prlsm tests indicated that
the values of E for the brict veneer range from 670 MPa. to
20,000 MPa. |

} The actual value of E for the brick veneer walls does
fnot significantly effect the results of the -analysis.
.Results for Wall No.2 of Serles.No. 2, are shown in Figure
5.9 and 5.10 for a load of 1.0 KPa.  (20.9 psf.). When the E
iS.aoubled,.there is a maximum change in the defection of
the brick veneer qf 18‘pefcent. Thie is not considered to be
a significant change relative to the large increase in the ~
value of E. | |

The values of the effective areas for the two different”

'stud types were based on the tie test Jesults. fer purposes
of the analysis it was assumed that the ties,coulq have been
plaeed as far as 3 mm. from the centre of each stud. Two
slopes were chosen and the effective areas were calculated
using Equgtion'No.3. The effective area of the ties used on
the 18 gauge stud walls was 0.14 mm?,. (for a 600 N/mm..
slope). The effectivq aree'of'the ties used on the 20 gauge
stud walls was 0. 10‘mm2 (for a 420 N/mm. slope). Figures

N 5.11 and 5.12 show the deflectlons generated by the analysis
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at a load of 1.00 KPa. (20.9 psf.) for Wall No.2 of Series
No.2 with different effective areas. As was the case with
the Modulus of Elasticity of the brick veneer, doubling the
effective area of the.ties did not significantly affect the
deflections of the brick veneer or the steel stud backing
wall. The 150 mm, , 26 gauge studs were affected by a change
in the effectivé area of the ties to a greater degree than
the 90 mm., 18 gauge studs but over the possible range of
tie areas the effect was still not considered to be
significant. |

For the analysis the follbwing maximﬁm loads were used;
'700'N. for the 22 gauge studs, 1100 N. for the "T" ties, and
1800 N. for the "V" ties.

The value of the moment of inertia used for the
analysis was obtained from the backiﬁg wall tests, for the
90 mm., 18 gauge studs; and from measurements, for the 150
mm., 20 gauge studs. The 90 mml studs were assumed to have a
moment of inertia of 3.44 x 10°% ﬁm‘; and the 150 mm. studs
were assumed to have a moment of inertia of 7.2 x 10°®* mm*..

Wall No.1 of Series No.1, Wall No.2 of Series No.2,
Wall No.2 of Series No. 3, Wall No.4 of Series No.4 were
analysed and the results of Fhe anaiysis were plotted
égaiﬁst the test results. These plots appearAas Figures B-33.
to.B—40 in Appendix B; The fiéures show that the analjsis
models the behaviour of the walls reasonably wéll up to the
craéking load of the brick veneer. After the brick veneer

cracks, the analytical model is no longer valid.

!
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The maximum error between the analysis and the test
results occurs on the deflection of the brick veneer of Wall
No.é, Series No.4. The analysis overestimated the deflection
of the brick vengerbby 30 percent. All other analyses
predicted the behaviour of the walls to.a greater accuracy
than for Wall No.4 of Series No.4.

For the walls using tie pattern B, the analysis
indicated that the exterior stud line dominated the load
deflection behaviour of the wall specimens. For the walls
using tie pattern A,‘the analysis indicated that the
interior stud line dominated the load deflection behaviour.

Wall No.2 of Series No.2 and Wall No.4}of Series No.4
failed by c;acking of the brick veneer. F6£ botﬁ these
walls, the anélysis showed that the moment at the crack
location was'wifhin.10 percent of the ﬁaximum moméﬁt veneer
moment. The moment at the crack was 0.40 KN.m. for Wall No.2
and 0.144 KN.m. for Wall No.4. A maximum tensile'sfress at
the crack was calculated by'taking the aifference Between
the maximum flexural stress and the compressive stress due
to.the weight of the brick abo;e the crack. Wall No.2 of
Series No.2 cracked-at a calculated tensile stress of 1.06
MPa.. This value is within 13 percent of the Modulus of
Rupture of the brick prism cut from this wall (0.92 MPa.).
‘Wall No.4 of Series No.4 cracked at a calculatéd.tensile
‘"stress of 0.40 MPa., which is within 24 pefcent of the
Modulus of ﬁupture of the brick prism cut from this wall

+

(.51 MPa.).
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A-direct stiffness'analysis using the model outlined in.
Section 5.4 can be used to predict the load deflection
behav%our‘of brick veneer and steel stud curtain walls with
a resonabie degree of accuracy. This analysis can also

indicate the mode and load of wall failure.

5.7 Evaluation of Current Design Proéedures

Chapter 2 of this report outlined the currently
accépted procedures for the design of brick veneer and steel
Stud curtain walls. This section discusses the adequacy of
these methods.

The design of brick veneer and steel stud curtain wails
using methods which igno}e the brick venéer and simply
design the steel studs to resist a uniformly distributed
wind load can result in unsafe wall designs. These methods
ignore three important factofs.in gﬁe behaviour of the
curtain walls; the increased load at the top of the stud due
to the action of.the brick veneer, the interaction of the .
tie and stud and the behéviour of the brick veneer. The
brick veneer is assumed to follow the deflected shape of the
steel stud backing. Results of the full sized wall tests
show that this assumption is not true.

Another_inadequaty‘of these aesign methods is the
maximum stud deflection limit of L/360; This limit was
imposed on the stud deflection to preclude cracking of the
brick veneer. Most of the wall specimens, in the preseﬁt

4 investigation, cracked at maximum stud deflections of L/500
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to L/750. Therefore, the deflections of the steei studs
should be limited to a valug below L/1400 to provide an
adequate factor of safety f::\;EFEéin walls of the height
used in this investigatién.

. Current design methods have resulted in walls being
constructed that perform adequately in the feild.‘However,
applying the same design procedures to curtain walls which
are of a greater height than usual and/or are subjected to
lérger wind loads, quickly illustrates the inadequacy of
this method. The average factor of safety for the walls
designed for a load of 1.21 KPa. was 1.46 and the average
factor of safety for the walls designed for a load of 2.70
KPa. wés 0.75. Both of these factors of safety are far too
low; .

The 400 mm. by 600 mm. maximum tie spacing recommended
by CAN3-A37-M84' assumes equal loading of the each of the
ties. As mentioned previously, the action of the brick
veneer loads the top portion of the Structural backing far
more than the lower portion. Thus, the ties in the upper
fegion of the wall are heavily loaded and consequently will
buckle before the others. The arrangement of the ties‘should
compensate for this extra loadiné. Using tie pattern C would
accomplish the reduction of the tributary area of the more
heavily loaded top ties.

Thg performance of the 22 and 24 éauge corrugated ties,
"illustrates thé need for a minimum thickness of 22 gauge for

corrugated ties , arranged in tie pattern C, for curtain
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wails with a cavity (gap) of 50 mm.. The maximum tie spacing

of 600 mm. by 400 mm. of appears to be adequate if tie

pattern C is used.

When tie and wall section details are of a non-standard
nature, the performance of the tie and stud junction hust be
evaluated by load tests. The beha;iour‘of the resulting
brick veneer and steel stud backing wall can then be

approximated using the models and analysis techniques

outlined in this chapter.
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6. CONCLUSIONS AND RECOMMENDATiONS

6.1 Conclusions

The experimental investigation evaluated the load

~deflection behaviour of masonry veneer and steel stud

curtain walls. As part of this investigation, the
5 ‘ .

interaction of the metal tie and steel stud and the load

deflection behaviour of the stud backing wall were studied.

An analytical procedure was developed to model the behaviour

of this wall system. Finally, the adequacy of the currently

"« accepted design methods were evaluted.

The results of this investigation'leéd to the following

conclusions:

1.

cantilevered frame.

"The effective axial stiffness of the metal ties depends

on the interaction of the tie, steel stud and gyproc
sheathing. The open section of the stud causes the

flange and web of the steel stud to act as a

>

)

Important factors in the load deflection behaviour of
the tie and stud junction are: the location of the tie
in relation to the web of‘stud, the type of.stud, the
restraint provided by the gyproc sheathings, and the
magnitude of the stress applied to the gyproc by the tie
contact.

The type of tie has only a minor effect on the stiffness
of the tie and'stud junction. Laterally stiff ties have

stiffer junctions than laterally weak ties.

118
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The results of the tie tests indicate that a difference
in the elevatibn of the ends of the corrugated ties des
not significantly affect the load deflection behaviour‘
oflthé tie and stud junétion.

At low load levels, there is‘little aifference iﬁxfhe
load deflection behaviouf of the full sized brick veneer
and steel stud walls with changeshin the. tie type.

The primgry'effect,of tie type on.full sized wall
behaviour is on the mode of failure of the wall. If the
maximum tie load exceeds the buckling’load of the tie
before the brick veneer can crack, the wall will fail by
a sequential buckling of the ties. :
Tie arrangement can dramatically_affect‘the behaviour of
brick veneer and steel stud curtain walls. The
arrangement governs the load on the ties and, thus the
mode of wall failure.

The present limits on tie spacing do notgrecognize the
unequal loading of the ties due to the action of the
brick veneer. | : | ’
There is ansignificant deflection of‘the.support track
and stud connection undef service level'loading. The
lighter the gauge of track used, the greater the
significance of this track and stud deflection.

There is no significant composite action between the
steel studs and the gyproc sheathing. |

The stud type affects the load deflection-behaviour of

brick veneer and the steel stud‘cutta&n_walls. However,
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an increase in the moment of inertia of the steel stud
will hot cause a proportional decrease in wall
deflections.

The application of a direct stiffness analysis modelled
the behaviour of the brick veneer and steel'stud ba}}

specimens with a reasonable degree of accuracy. The -

stiffness of the tie and stud junction, and the stud and

track junction.were sucessfully modelled by a
semi-empirical "effective area" approach.

In cUrrééE’design procedures, the steel studs are
designed to resist the total uniformly diétributed wind

load while limiting th& maximum stud deflécxion to a

value of L/360. The 3000 mm. high test specimens, thus

designed, performed unsatisfactorilyf The 90 mm. stud
wall specimens had an average safety factor of 1.46, and
thé 150 mm. stud wall specimens had an average éafety
factor of 0.75. A stud deflection limit of~L/360 also
proved inadequate as most of the brick veneer cracked at

maximum stud deflections between L/500 and L/750.

6.2 Recommendations

The results of the investigation lead to the following

recommendations:

1.

The arrangement of the metal ties must compensate for
the unequal loading of the ties. For the tie spacing
limits of\400 mm. by 600 mm., it is recommended that the

ties be arranged so that there is a tie located on each
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stud line one half spacing from the top of the ggll.
Further testing iégneeded to evaluate the behavﬁ6ur of
the tie and stud junction. In particular, the effects of
tie end offset and sheathing deformation on the

junction's load deflection behaviour requires further

investigation.

An experimental evaluation of the effect of,different
exterior sheathingé on the load deflection behaviour of
the steel stud backing wall is also required.

Further teséing is needed ﬁp evaluate the influence of
wall height.and gap on thé”load deflection behaviour:- of
the brick veneer and steel stud curtain walls. After
these invéstigations, an accurate evaluat?gn and

°

modification of the current design procedures can be

T~

- performed.
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- APPENDIX A - MATERIAL TESTS

;
/
ya

A-1 Masonry Tests

The results of the tests conducted on the mortar, cubes

///

and brick prisms are summarized in Tagle,A;1.

All the mortar cubes were made and testedAaCCOrding to
CSA Standard A-179 M-.6. i

Each of the brick prisms was‘tested under a third point
loading: The load deflection curves resulting from this
testing are shown in Flgures A-1 to A-3. A slope was fitted

o

to the most linear portion of each cu?&% and an Elastic
' Modulus calculated for each prism. .Zl

.The Modulus of Rupture for each prf%m was calculated
using the maximum moment at the locatlon of the crack
Included in this calculation waa;the self weight of the
brick. |

Five brick:units were tested in accordance to CSA
Standard CAN3-A82.2-M78. The average compressive failure.
stress of these brick . units was 52.4 MPa., with a standard -
dev1at10n of 4.6 MPa.. Using the equatlon outllned in clause
4.3.3.3 of CSA Standard CAN3-S304-M-78, the compressive
strength of the brick units'is 45.6 MPa.. Foc this strcngth
of brick and type S mortar, this standard also suggests that
a value of 14000 Mpa. be used for the Elastic Mpdulus of the

~

brick and mortar ccmposite.

A-2 Steel Coupon Tests

124
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Four tension coupons were cut out of the steel studs,
two coupons from the 18 gauge studs and two coupons from the
20 gauge studs. These coupons were tested according to ASTM
Standard A370-M77 and the results are plotted in Flgure A-4,
Both the 18 gauge and 20 gauge steel coupons exhlblt an
Elastic Modulus of 210500 MPa.. The 20 gauge steel coupons
have a yield stress of approximately 325 MPa. and the 18

gauge coupons have a yeild stress of approximately 280 MPa. .

A-3 Gyproc Tests Qf

Ten, 12 mm. by 100 mm. by 1000 m, long, strips of
gyproc were tested to obtain a value of Elastic Modulus for
this-materiai. Each strip was placed over supports and a
weight was hung from the centre cf the 780 mm. span. The
resulting deflections were measurec after the gyproc strip
was allowed to creep for 15 seconds. A summary of the test
results is presented in Table A-2.

The Elastlc Modulus (E) of the gyproc strips was
calculated using the elastlc beam formula for the maximum
deflection of a centrally loaded beam. The average E value

obtain from the tests is 2568 MPa.



Teble A-2

Gyproc Tests

GYPROC TEST RESULTS

Load (N) C.Defl.(mm)| E (MPa)
11.50 3.89 2075
11.50 4.10 1983
11.50 3.26 2427
11.50 3.23 2488
11.50 2.84 2817
11.50 3.37 2408
11.50 2.83 2799
11.50 2.76 2889
11.50 2.8¢ 2837
11.50 2.69 2950

NOTE: (1) C.Defl. 1s the centre
deflection after 15 sec.

130



STRESS (MPa)
200 . 250 300 350

150

131

100

LEGEND
——— 18 gauge coupons
------ 20 gauge coupons

1 | 1 1 1

80 120 160 200
STRAIN (x 10 —4) '

Figure A-4 Steel Tension Coupon Tests



APPENDIX B - LOAD DEFLECTION CURVES

\

132



Feyd

133

o
o | -
o
™ -
o4 + X ¢ _
o
o
wn I 7]
[9V]
mo s + X ¢
O t
S b .
N
=
\Z-z no 4+ + X
}_
I3
Om [ WALL PRESSURE n
_Ej—~ m m.250 KPa (5.2 Psf)
T U} ©.500 KPa (0.4 Psf)
A A 750 KPas (216 Psf)
b d +  +100 KPa (15,7 Psf)
X X 125 KPa (26,1 Psf)
¢ 4+ 150 KPa (313 Psf)
= ) + + 153 KPa (320 PsP)
o o . -
"n
o
o oy
n
.
SERIES 1 WALL P
[os] Al 1 1 1 1. 3 i L L i 1 1 L j - J 1 1

0’ 2 4 8 6 10 12 {y {8 18 20 22 24 28 28 30 32 34

DEFLECTION (MM

" Figure B-1 Brick Veneer Deflections - Series No.1 Wall No.!




134

D -
o L
D -
o
ok
[an )
2 1 -
[4V]
oo a4 + X 4
o
O | -
o
(o]
=
2-:/ no 4 K L .
}--(:3 ,
553 H WALL PRESSURE
H- m. 'm.250 KPa (5.2 Psf)
£ (U] ©.500 KPa (0.4 Psf)
A A 750 KPa 216 Psf)
ho 4 +  +100 KPa (15,7 Psf)
X X 125 KPa (26,1 Psf)
& 150 KPs (313 Psf)
S + 4153 KPa (320 Psf)
8 - -
1P 4 4
o .
wn
/A
SERIES 1 WALL 1
o | 1. 1 L 1 1 J 3 1 1_ i - 1 1 1 i i L

0 2 4 8 8 (0 (2 14 18 18 20 22 24 28 28 30 82 S

DEFLECTION (MM

Figure B-2 Stud Wall Deflections - Series No.l Wall No.1




3000

HEIGHT M)
1500 2500

S00

Figure B-3 Brlck Veneer Deflections - Series No.

135

2000

1000

Zb-l /‘:' T ‘rt‘ T /f A P T 1 T R I T R T T Ll
udbA + b
\
no 4 \
\
\ .
\\
) cE «
{
3 N
i . WALL PRESSURE -
o m m.250 KPa (5.22 Psf)
~@ ¥ O 500 KPa (10.4 Psf)
A 4 750 KPa (15.7 Psf)
b | +  +100 KPa (20.9 Psf)
X X 125 KPa (26.1 Psf)
o ¢ 150 KPa (313 Psf)
+ 4+ 175 KPa (36.5 Psf)
OF: O
SERIES 1 WALL 2
7
0 2 4 8 10 16 18 20 22 24 26 28 30 32 34
DEFLECTION MM

1 Wall No.2



~

o
= -1
o
™
o
o N
L
.9 :

o

o .
o

N .

— o

pI ,

E /

e .

5o . WALL PRESSURE

LHLIF‘ . m ®.250 KPa (5.2 Psf) '

i o ®.500 KPa (10.4 Psf)’

A 4 750 KPa (21.6 Psf)

+ + .00 KPa (15.7 Psf)

X ‘XL2S KPa (26.1 Psf)

® ® 150 KPa (313 Psf)
8 + + 175 KPa (36.5 Psf)
= a

v/ '
o
o .
wn
'SERIES 1 WALL 2
C) ! 1 1 J” 1 3 1 1 L | 1 1 ) 1 L y 1 1 1
0 2 4 6 8 10 i 16 18 20 22 24 26 28 30 32 34

DEF LECTION (MM)

Figure B-4 Stud Wall Deflections - Series No.1 Wall No.2

e

e

Yoo
P



137

[en]
D st
(aw]
(12]
[en]
D 1
N
(9VY)
?\'.’f qa®
(en]
(en]
(e ]
(qV]
=
X
l—'o . .
3 WALL PRESSURE
Ejv—‘ m m.250 KPa (5.22 Psf)
T © ® S00 KPa (10.4 Psf)
4 A 750 KPa (15,7 Psf)
+ + 100 KPa (20.9 Psf)
X ' X125 KPa (26.1 Psf)
o ¢ 150 KPa (313 Psf)
o + 4175 KPa (365 Psf)
o X X 2.00 KPa (418 Psf)
— z Z2.25 KPa (47.0 Psf)
Y Y 250 KPa (52.2 Psf)
x X275 KPa (57.4 Psf)
-~ %" %300 KPa (62.7 Psf)
' . \
[en]
[an]
[Vp)
SERIES 1 WALL 3 -
o 1 1 1 1 L ) 1 1 1 1 1 L1 L 1 1

i

1

0o 2. 4 & 8 10 12 18 20 22 2u 26 28 30 32

DEFLECTION M)

sy

- ~

Figure. B-5 Brick Veneer Deflections - Series No.1 Wall No.3



HEIGHT (MM

138

(o)
o) i
o
m,
o ‘ .
o -
W )
.
o
o i
O
o
o
3 WALL PRESSURE -
- m m.250 KPa (5.22 Psf)

(L] ® 500 KPa (10.4 Psf)

a a4 750 KPa (15.7 Psf)

+ + .00 KPa (20.9 Psf)

X X 125 KPa (26.1 Psf)

K ¢ 150 KPa (3L3 Psf)
= + 4+ 175 KPa (36.5 Psf)
o b4 . X2.00 KPa (4.8 Psf) T
— Z Z2.25 KPa (47.0 Psf)

Y v 2.50 KPa (52.2 Psf)

x ‘X275 KPa (57.4 Psf)

* % 3.00 KPa (62.7 Psf)
o
o _
n

) > 4 ]
SERIES 1 WALL 3°

.lC) | I 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1

g 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

DEFLECTION (MM)

Figure B-6 Stud Wall Deflections - Series No.1, Wall No.3

v



139

e T T v T T T L
o
m
o
o —~
(Vp}
oJ
o
o —
[an I
(qV]
=
=
g ‘ -
:LEDS WALL PRESSURE -
}LIIJH U M.250 KPa (5.22 Psf)
T v ©.500 KPa (10.4 Psf)
4 a 750 KPa (15.7 Psf)
+ + 100 KPa (20.9 Psf)
X X 125 KPa (26.1 Psf)
® ¢ 150 KPa (313 Psf)
8 + 4+ 175 KPa (36.5 Psf)
= X X200 KPa (418 Psf) -
— - z Z2.25 KPa (47.0 Psf)
Y Y 2.50 KPa (52.2 Psf)
x x 2,75 KPa (57.4 Psf)
* * 3.00 KPa (62.7 Psf)
o
o —
un
SERIES 1 WALL 4
(an} 1 1 1 1 A 1 1 1 1 I A 1 1 1 1 1 1

0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

'DEFLECTION (MM)

Figure B-7 Brick Veneer -Deflections - Series No.1 Wall

No.4

s



140

T ' T LN A e T T T T
D -
D —
(em}
m
[an)
D —
¥p]
o
1
O
D — —
O
Y
=
R= mo AL % &
l—D
52 - WALL PRESSURE .
E’” m m.250 KPa (5.22 Psf)
T ® ®.500 KPa (10.4 Psf)
A 4750 KPa (15.7 Psf)
h 4 J +.  +100 KPa (20.9 Psf)
X X 1.25 KPa (26.1 Psf)
) o & 150 KPa (313 Psf)
= + 4175 KPa (36.5 Psf)
S X %X 200 KPa (418 Psf) -
— Z 2225 KPa (470 Psf)
Y Y 2.50 KPa (522 Psf)
x X275 KPa (57.4 Psf)
x % 3.00 KPa (62.7 Psf)
4940 D P X
D ,
o —
wn

SERIES 1 WALL 4

o i ' 1 1 N 1 R B | 1 1 1 1 1 1 ' 1 !
0 2 4 6 8 10 16 18 20 22 24 26 28 130 32 34

DEFLECTION M)

Figure B-8 Stud Wall Deflections - Series No.1 Wall No.4



141

3000

2500

2000
1

HEIGHT MM
1500

=)

“WALL PRESSURE

@.250 KPa (5.22 Psf) S
®.500 KPa (10.4 Psf) '
a 750 KPa (15.7 Psf)
+1.00 KPa (20.8 Psf)
X 125 KPa (26.1 Psf)
® 150 KPa (313 Psf) -
. #1175 KPa (36.5 Psf)
X 2.00 KPa. (418 Psf)
Z2.25 KPa (470 Psf)
Y 2.50 KPa (52.2 Psf)
X 2,75 KPa (57.4 Psf)
% 3.00 KPa (62.7 Psf)
X 3.25 KPa (67.8 Psf)
i 1 3.35 KPa (70.1 Psf)

SERIES 2 WALL 1

O g 1 ] 1 A 1 1 1 1 J‘ 1 1 i 1 1 1 1 1
0 2 4 6 8 1 1820 22 24 26 28 .30 32 3M

0 12 14 16
DEFLECTION (MM)

- 1000

§ L

500

MEM<NXNIOX+DOE

Figure B-9 Brick Veneer Deflections - Series No.2 Wall No.1-



HEIGHT (MM

142

o
D —
o
m
o
o .
[Sp)
O
o
O —
o
o
o
o .
wn
"~ WALL PRESSURE
S ] @.250 KPa (5.22 Psf)
o o ®.500 KPa (10.4 Psf) -
- & A4 750 KPa (15,7 Psf)
+ + 100 KPa (20.8 Psf)
X X 125 KPa (26.1 Psf)
o ¢ 150 KPa (3.3 Psf)
+ + 175 KPa (36.5 Psf)
X X 2.00 KPa (418 Psf)
o 4 Z225 KPa (47.0 Psf)
o Y Y 250 KPa (52.2 Psf) -
wn x w275 KPa (57.4 Psf)
»* % 3.00 KPa (62.7 Psf)
X X 3.25 KPa (67.9 Psf)
i

| 3.35 KPa (70.1 Psf)
SERIES 2 WALL 1

o | s ) L 1 i i 1 1 1 1 3 2 1 1 TECE g
6 2 L | 6 8 10 12 14 16 18 20 22 24 26 28 30 382 3

DEFLECTION (MM)

Figure B-10 Stud Wall Deflections - Series No.2 Wall No.!



143

[an)
o || .
o
m
' cxm«-i«
O
8 . -
o ///
[OF B
o
o | .
o
= |
g oy a
o o v
%g | WALL PRESSURE A
m'~ u] mM.250 KPa (5.22 Psf)
L ® ©.500 KPa (10.4 Psf)
2 4 750 KPa (15.7 Psf)
+ + 100 KPa (20.9 Psf)
(P X X 125 KPa (26.1 Psf)
o ¢ 150 KPa (313 Psf)
=) + 4 175 KPa (36.5 Psf)
S H X X 2.00 KPa (418 Psf) -
et z Z 2.25 KPa (47.0 Psf)
Y Y 2.50 KPa (52.2 Psf)
X X 275 KPa (57.4 Psf)
% %3.00 KPa (62.7 Psf)
1R I pe X 3.25 KPa (67.9 Psf)
| 1 3.46 KPa (72.3 Psf)
C) »
D -
N
SERIES 2 WALL 2
o N 1 — 1 1 ) i 1 Jd ) 1 1 . ‘l 1 1 1 1 1 1
0 2 y 8 10 1 16 18 20 22 24 26 28 30 382 34y

' DEFLECTION (MM

Figure B-11 Brick Veneer Deflections - Series No.2 Wall No.2

-t
Lx



HETGHT (MM

144

f
.
T T T T T T T Rl T T T T T

3003

2500

i Y93

2000
i

P4+ X ¢ ‘L

1

WALL PRESSURE

@.250 KPa (5.22 Psf)
©.500 KPa (10.4 Psf)”
4 750 KPa (1S.7 Psf)
+1.00 KPa (20.8 Psf)

X 125 KPa (26.1 Psf)

& 150 KPa (313 Psf)

4+ 175 KPa (36.5 Psf)
X 2.00 KPa (418 Psf)
Z 225 KPa (47.0 Psf)
Y 250 KPa (52.2 Psf)
X275 KPa (57.4 Psf)
% 3.00 KPa (62.7 Psf)
X 3.25 KPa (67.9 Psf)
I 3.46 KPa (72.3 Psf)

1500

1000 -

—MEXKNXNPOX+DOE

500

SERIES 2 WALL 2

1 1 L 1

[e] i L 1 1 L 1 1 1 ] i 1 i ]
8 10 12 14 16 18 20 22 24 26 28 30 32 34

DEFLECTION (MM)

Figure B-12 Stud Wall Deflections - Series No.2 Wall No.2

-



145

\
o
o | —
o
(30}
MDA+ XS+ X )
- .
o | i _
Vp]
aJ
pa+X P $ X
(en]
(e} | _
o
o
pa
f’_;; cx:zb-ﬁx ¢4+ X
}__O
58 | WALL PRESSURE
L*—J'* u m.250 KPa (5.22 Psf)
T ® ® S00 KPa (10.4 Psf)
A a 750 KPa (15.7 Psf)
tbalddd +  +100 KPa (20.9 Psf)
X X .25 KPa (26.1 Psf)
o ¢ 1.50 KPa (313 Psf)
= + 4175 KPa (36.5 Psf)
o I X X 2.00 KPa (418 Psf)
— 4 Z 2.25 KPa (47.0 Psf)
Y Y 2.50 KPa (52.2 Psf?
x X 2.75 KPa (57.4 Psf)
» % 3.00 KPa (62.7 Psf)
AKX K 2 X X 3.25 KPa (67.9 Psf)
| { 3.50 KPa (73.1 Psf)
o .
D —
[Vp)
SERIES 2 WALL 3
C) 1 i 1 1 1 1 1l L 1 i 1 L 1 1 1 ;Y 1
0 2 4 6 8 10 14 16 18 20 22 24 26 28 30 32 3Y

Figure B

DEF LECTION (MM

-13 Brick Veneer Deflections - Series No.2 Wall No.3



HEIGHT (MM

146

3000

2500

2000

WALL PRESSURE

m.250 KPa (5.22 Psf)
®.500 KPa (10.4 Psf)
4 750 KPa (15.7 Psf)
+ 100 KPa (20.8 Psf)
X 125 KPa (26.1 Psf)
¢ 150 KPa (313 Psf) -
4+ 175 KPa (36.5 Psf) .
X 2.00 KPa (418 Psf) T
Z225 KPa (47.0 Psf)
Y 250 KPa (52.2 Psf)
X275 KPa (57.4 Psf)
% 3.00 KPa (62.7 Psf)
X 3.25 KPa (67.9 Psf)
I 3.50 KPa (73.1 Psf)

4

1500

1000
-MEXANXNIOX+DPOE

500

)

SERIES 2 WALL 3

s
1 1 1 1 I3 1 1 d L 1 1 1 1 1 L 1

g0 2 4 6 8'10 12 14 16 18 20 22 24 26 28 30 32 34

DEFLECTION M)

Figure B-14 Stud Wall Deflections - Series No.2 Wall No.3



147

O
o -—
[en}
m
o
D ——
.
(qV)
(e}
D —
o
o
=
P2
o ¢
gg WALL PRESSURE -
m'* m m.250 KPa (5.22 Psf)
T ® ® .500 KPa (10.4 Psf)
A 4 750 KPa (15.7 Psf)
+ + 100 KPa (20.8 Psf)
X X 125 KPa (26.1 Psf)
® ¢ .50 KPa (313 Psf)
P + 4 175 KPa (36.5 Psf)
o X v X2.00 KPa (418 Psf) T
— p4 Z 2.25 KPa (47.0 Psf)
Y - v 2.50 KPa. (52.2 Psf)
X x 2,75 KPa (57.4 Psf)
»* % 3.00 KPa (62.7 Psf)
X X 3.25 KPa (67.8 Psf)
| t 3.50 KPa (73.1 Psf)
5 ,
S _
un
SERIES 2 WALL 4
O " 1 1 1 1 L 1 1 1 1 K| 1 L A 1 1 1 1

0 2 L 6 8 10 12 14 18 20 22 24 26 28 30 32 34

DEF LECTION (MM

Figure B-15 Brick Veneer Deflections - Series No.2 Wall No.4




148
;_w{“‘ : 1 Y T Y T v T Y T T T T T T Y
o
o -
(en] & .
m
o
o -
L
o
o S
o -
o
N.
=
Z;;
LS WALL PRESSURE . |
M- O 0.250 KPa (5.52 Psf)
T o © 500 KPa (10.4 Psf)
4 4 750 KPa (15.7 Psf)
g T+ + .00 KPa (20.9 Psf)
- X X 1.25 KPa (26.1 Psf).
4 ¢ 150 KPa (313 Psf)
8 + 4+ 175 KPa (36.5 Psf)
o X X 2.00 KPa (418 Psf) A
— Z Z225 KPa (47.0 Psf)
Y Y 2.50 KPa (52.2 Psf)
x X275 KPa (57.4 Psf)
x %300 KPa (62.7 Psf)
X X 3.25 KPa (67.9 Psf)
[ 3.50 KPa (7_3.1 Psf)
(] o
o -
wmn
. SERIES 2 WALL 4
[a] | A 1 1 i 1 1 1 1 1 41 1 1 1 1 1 1 1
W] 2 4 8 10

16 18 20 22 24 26 28 30 32 3y

D‘EFLECTION M)

Flgure B—16 Stud Wall Deflectlons - Series No.2 Wall No.4



149

3000
O

MAXb 4% 7 ¥

2500

[TIDA+XP+ X Z Y X

2000

HEIGHT (MM)
1500

1000

500

-

1

A

WALL PRESSURE

s

P

MEXC<NXNIOX+bOO

SERIES 3 WALL 1

1

m.250 KPa (5.22 Psf)

®.500 KPa (10.4 Psf)
A 750 KPa (15.7 PsF)
+ 1,00 KPa (20.9 PsF)
X 125 KPa (26.1 Psf)
¢ 1.50 KPa (31.3 PsF)
4+ 175 KPa (36.5 PsF)
X 2.00 KPa (41,8 PsF)
Z2.25 KPa (47.0 Psf)
Y 2.50 KPa (52.2 Psf)
X 2,75 KPa (57.4 Psf)
% 3,00 KPa (62.7 PsF)
X 3.16. KPa (66.0 Psf)

1 1 Jd 1 L

1

) 1 1 1 1 Lo

g 2 Y 6 8 10 12 14 16 18 20 22 24 26 28 30 32 3y

DEFLECTION (MM

Figure B-17 Brick Veneer Deflections - Series No.3 Wall No.1

-

P
4

t

[



HEIGHT MM

DEFLECTION MM)

Figure B-18 Stud Wall Deflecti_ons - Series No.3 Wall No.!1

) - 150
."’
T YT Y T T T = T T T T T
o %
o
. 8 -
) ", - , $(
w, =
o [
o N : .
” ',N
.Q i
o 1 . -
o o
Y K
-] . u ¢
DX+ X Z Y X . N
cj ] —
S | MALL PRESSURE |
- m.250 KPa (5.22 Psf)
) . ©.500 KPa (10.4 Psf)
o ﬁ . A 750 KPa (15.7 Psf)
% 2 F oy g +1.00 KPa {20.9 Psf)
BT R b X 125 KPa (26.1 Psf)
Yol & 150 KPa (313 Psf)
8 + 175 KPa (36.5 Psf) - .
o X 2.00 KPa (41.8 Psf) A
= e . 2225 KPa (47.0 Psf)
Sl Y Y 2:50 KPa (52.2 Psf)
O X275 KPa (57.4 Psf)
.27 i %300 KPa (62.7 Psf)
. X X 3.16 KPa (66.0 Psf)
(ew]
o \ -
m.
- SERIES -3 WALL 1
o | 1 1 1 L | S| I 1 1 1 1 1 1 1 1 1 1
4] 2 i 6 8 10 12 . 18 20 22 24 26 28 30 32 34



s 151

fnwdoW W hvd b 4 &
T*U'T'! T 1 23 T 1 1 1 B 1 T L L ALl
o
o | .
o
m
e .
! s+ X ¢ 4
o
ot . 4
N oV
Em)‘;--) P 4
o
o | .
Y ,
E matxet 3
Nl WALL PRESSURE 4.
: L"J** o @.250 KPa (5.22: Psf)
T u} ®.500 KPa (10.4 Psf)
_ ¥ 4 4,750 KPa (15.7 Psf)
1 e + + 1.00 KPa (20.8 Psf)
e TE £ o o X X 1.25 KPa (26.1 Psf)
v ® ¢ 150 KPa (3.3 Psf)
= + 4175 KPa (36.5 Psh) .
o I X X200 KPa (418 Psf) 7~
= Z 2225 KPa (47.0 Ps) - g
Y Y 2.31 KPa (48.4 Psf)
.. d A "
o
o -
o)
&
| SERIES 3 WALL 2.
O - 1 i 1 i 1 1 ) L 1 4 1 i 1 — 1 . 'l . L —d
0 2 4 6 8 12 14 16 18 20 22 2u 26 28 30 32 3y
DEFLECTION (] ) R
& 7
& w7
Figure B-19 B;lck Venegr Deflectlons - Serles ’No 3 Wall No. 2




K 152
\ od
o
o .
o
-
o
. D —
n
o
o
o —
=
o
=
=
F—D L
%8 WALL PRESSURE -
L—*J** m Mm.250 KPa (5.22 Psf)
T o ®.500 KPa (10.4 Psf)
- ) a 750 KPa (15.7 Psf)
+ * 4100 KPa (20.8 Psf)
X X 125 KPa (26.1 Psf)
¢ ¢ 150 KPa (313 Psf)
8 4+ 4+ 175 KPa (36.5 Psf)
= R X "X 200 KPa (418 Psf)
— z Z 225 KPa (47.0 Psf)
' Y Y 2.31 KPa (48.4 Psf)
o ° X
D " —
n
SERIES 3 WALL 2 -~
W O
[en] | 1 ',= 1 P | — 1 1 ‘, 1 1 L 1 L | B | -
0 2 4w 6 8 10 12 W 16 18 20 22 24 26 28 30 32 Sy

DEFLECTION (M) ¥

Figure B 20 Stud Wall Qeflec't’ions - Series No.3 Wall No.2



153

e B e w3 tr e ~ T T T 1 T Y
| o
o L _ i
m
(03 0780 GOk o i.K 7
5 M -
= _
wn
[qV]
(
(paxd4 X 2
o
8 - " o P -—
o b
=
L [DA1XP $ lk
l'---D
ze | WALL PRESSURE
e m . m.250 KPa (5.22 Psf)
T (U] ® 500 KPa (0.4 Psf)
2 A 750 KPa (15.7 Psf)
UL +  +100 KPa (0.9 Psf)
I = R, ¢ X 125 KPa (26.1 Psf)
. \ N 2 ¢ 150 KPa (313 Psf)
8 “] s + + 175 KPa (36.5 Psf)
o AS N X X 2.00 KPa (418 Psf) 1
— z Z2.25 KPa (47.0 Psf) :
Y Y 2.50 KPa (62.2 Psf)
x X275 KPa (57.4 Psf)
» % 3.00 KPa (62.7 Psf)
X X 3.25 KPa (67.9 Psf)
! 1 3.50 KPa (73.1 Psf)
o *  *375 KPa (/8.3 Psf)
o - -4.00 KPa (835 Psf) 4
SERIES 3 WALL 3
O 4 Il Il 1 1 1 I ) J ) i 1 1 1 ] A s
o] 2 6 10 12 14 18 20 22 24 26 28 30 32 3y
a%fLECTION MM
41 . 2

Flgure B-21 Brlck Véne

et

s
:*,;
o
L
SN
o

%eflections - Series No.3 Wall No.3 ‘



HEIGHT M)

) 154

3000

2500

2000

WALL PRESSURE. -

Mm.250 KPa (5.22 Psf)
©.500 KPa (10.4 Psf)

A 750 KPa (15.7 Psf)

4+ 1.00 KPa (20.8 Psf)

X .25 KPa (26.1 Psf)

¢ 1.50 KPa (313 Psf)

+ 175 KPa (36.5 Psf)

X 2.00 KPa (418 Psf) -
Z2.25 KPa (47.0 Psf)

Y 250 KPa (52.2 Psf)

X 2.75 KPa (57.4 Psf)

% 3.00 KPa (62.7 Psf)

X 3.25 KPa (67.9 Psf)

-1 3.50 KPa (73.1 Psf)
*3.75 KPa (78.3 Psf)
-4.00 KPa (83.5 Psf) 4

. 1500

1000

I = MEXANXNIOX+DOE

500

SERIES 3 WALL 3

(an] L 3 R 1 1 1 1 1 A 1 1 1 1 | 1 A 1 1

g 2 Y4 6§ 8 10 12 14 16 18 20 22 2% 26 28 30 32 34

DEFLECTION (M)

Figure B-22 Stud Wall Deflections - Series No.3 Wall No.3



B G E 2ol e it Sl e S AR 3 e it T 1
=)
o 4 —
o
m
: [L:L'&—XWPX Z
o
o |l i
wn
o~
m}x&%wx‘z X
o
o |l -
o
Y,
=
— o
50 WALL PRESSURE -
Hi= m  [.250 KPa (5.22 Psf)
T U ® .500 KPa (10.4 Psf)
A 4 750 KPa (15.7 Psf)
+ + 100 KPa (20.9 Psf)
X X 1.25 KPa (26.1 Psf)
°® ¢ 150 KPa (3L3 Psf)
b= + 4+'L75 KPa (36.5 Psf)
o X X 2.00 KPa (41.8 Psf) .
- z Z2.25 KPa (47.0 Psf)
' Y Y 2.50 KPa (52.2 Psf)
x x 275 KPa (57.4 Psf)
* % 3.00 KPa (62.7 Psf)
X X 3.25 KPa (67.9 Psfl
I I 3.50 KPa (73.1 Psf)
o . o * *3.75 KPa (78.3 Psf)
o - -4.00 KPa (B3,5+PsF) -
n R
SERIES 3 WALL 4
o
o A 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1

g 2 4 6 8 1 12 14 16 18 20 22 24 26 28 30 32 3y

DEFLECTION (MM)

Figure B-23 Brick Veneer Déflectidns - Sefies No.3 Wall No.4



156

o
o , -
O .

m

o

o .
wn

o

o /

- m —
o

o

pa | .

g [lﬁ)y..(> S&ad g Kr |

F—c

58 | WALL PRESSURE -

m" M  @.250 KPa.(5.22 Psf)

T U] ®.500 KPa (10.4 Psf)

A 4 7750 KPa (1S.7 Psf)
Tk b + + 1.00 KPa (20.9 Psf)
- X X 125 KPa (26.1 Psf)
® ¢ 150 KPa (313, Psf)
8 * 4+ 175 KPa (36.5 Psf)
= | b 4 X 2.00 KPa (4.8 Psf) T
— z Z2.25 KPa (470 Psf) .
Y Y 2.50 KPa (52.2 Psf)
x x 2,75 KPa (57.4 Psf) .
- *3.00 KPa (62.7 Psf) -
WOy X X 3.25 KPa (67.9 Psf)
I I 3.50 KPa.(73.1 Psf)
o * *3,7S KPa (78.3 Psf)
! - -400 KPa (83.5 Psf) 4
3 | | ,
.& R *
SERIES 3 WALL 4 i
o i 1 1 1 1 1 1 L 1 1 1 J I — | I 1 1 1
0 2 Y 6 8 10 12 14 16 -18 20 22 24 26 28 30 32 34

" DEFLECTION ™M) »

Figure B-24 Stud Wall Deflections - Series No.3 Wall No.!



157

o
[} —
(ew]
m
o
o -
wn
o
2
(ew]
o -
o
AN
p
=
l—-o :
%3 WALL PRESSURE
m'-‘ ] m.250 KPa (5.22 Psf)
T © ©.500 KPa (10.4 Psf)
A 4 750 KPa (1S.7 Psf)
+ + 100 KPa (20.9 Psf)
X X 125 KPa (26.1 Psf)
. ¢  &135 KPa (28.2 Psf)
S ] | -
o .
o
a 7]
SERTES 4 WALL 1 .
e _ E .
O 1 i - A 1 1 1 1 1 1 1 1 1 1 1 f\

g 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 3y

DEFLECTION (MM)

Figure B-25 Brick Veneer Deflections - Serles No.‘4 Wall No.1
| )

ot



158

) T T T Ll 1 1 LI ﬁ T ¥ Ll 1 T 1 ﬂ
o
o -
o
™
9
o -
O -
n
N .
o
o 4
o
a '
=
b
t-—o - -
58 WALL PRESSURE -
-mH U] m.250 KPa (5.22 Psf)
T o 0 .500 KPa (10.4 Psf)
A 4 750 KPa (15.7 Psf)
. + + 100 KPa (20.8 Psf)
x: X 1.25 KPa (26.1 Psf)
o & ¢ 1.35 KPa (28.2 Psf)
o ' -
o
s
o § -
o -
w
SERIES 4 WALL 1
o I 1 1 1 ' 1 1 I ] L1 i 1 " 1

o0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

DEFLECTION M)

Figure B-26 Stud Wall Deflections - Series No.4 Wall No.



159

(an]
(an) -
(an]
m .
[an]
Q ey
wn
[qV]
o J
D - —
o
(V]
=
\-ZJ DA+ X P
= ‘
gg | WARLL PRESSURE i
m** m M.250 KPa (5.22 Psf)
T o ® 500 KPa (10.4 Psf)
A 4 750 KPa (15.7 PsY)
YIRS O +  +100 KPa (20.9 Psf)
N X X 1.25 KPa (26.1 Psf)
o 4 150 KPa (3.3 Psf)
= + 4175 KPa (36.5 Psf)
o Ir X # X200 KPa (4.8 Psf) m
— y4 2225 KPa (47.0 Psf)
Y Y 2.50 KPa (52.2 Psf)
x X 2,75 KPa (57.4 Psf)
* - % 3.00 KPa (62.7 Psf)
X X 3.25 KPa (67.9 Psf)
! 1 3.50 KPa (73.1 Psf)
- *  *375 KPa (78.3, Psf)
o - -4.00 KP4 (83.§ Psf)
wn - , ]
' " . 3
SERIES 4 WALL 2
O 1 ) 1 " 1 1 3 - - 1 1 L,”b. by 'l 1 1 /l L 1 1
o 2 6 8 10 12 14 16 18- ARG 2y 26 28 30 32 34

——

DEFLECTION (FM).

Figure B-27 Brick Veneer Deflections - Series No.4 Wall No.2

)



3000

HEIGHT (MM)
1000 1500 2000

500

2500

/

===

16

O .

1. 09

RN

WALL PRESSURE

I = NEMNXANXNIOIX+ PO

3.250 KPa (5.22 Psf)
©.500 KPa (10.4 Psf)
4 750 KPa (15.7 Psf)
+ 100 KPa (20.8 Psf)
X 125 KPa (26.1 Psf)
¢ 150 KPa (313 Psf)
4+ L75 KPa (36.5 Psf)
X 2.00 KPa (418 Psf)
Z2.25 KPa (47.0 Psf)
Y 2.50 KPa (52.2 Psf)
X275 KPa (57.4 Psf).:
%300 KPa (62,7 Psf)
X 3.25 KPa (67.9 Psf) |

. 1 3.50 KPa (73.1 Psf) :

.75 KPa (78.3 Psf)
-4.00 KPa (83.5 Psf)

'SERIES 4 WALL 2-

1

i

1

1

1

4

1

A

1

1

1

18 20 22 24 26 28 30

10 16

DEF LECTION (MM

32 34

Figure B-28 Stud Wall Deflections - Series No.4 Wall No.2

° : -



161

3000

D4 +

T

2500

2000

(MM)

WALL PRESSURE . .

0230 KPa .22 Psf)
©.500 KPa (1.4 Psf)
A 750 KPa (15.7 Psf)
- +100 KPa 2019 Psf)
X125 KPa (26.1 Psf)
¢ L1530 KPa (313 Psf)
+ 175 KPa (36,5 Psf)
X200 KPa (418 Psf)
Z225 KPa (47.0 Psf)
Y230 KPa (52.2 Psf)
X275 KPa (57.4 Psf)
%300 KPa (62.7 Psf)

1000

A

| = MEX<SNXNSIX+ PO

SERIES 4 WALL 3

O 1 A A 1 1 1 1 1 1 1 1 1 2 1 1 1 A1

o 2 L 6 8 10 12 14 16 18 20 22°24 l2g 28 30 32 34

DEFLECTION (MM

Figure B-29 Brick Veneer Deflections - Series No.4 Wall No.3




_ \
O. oy
o
™
“
o &
O ——
n
o
(s ]
o -1
o
oJ
=
P
58 MALL PRESSURE | ™~
m'* @ m.250 KPa (5.22 Psf) | 7
T o ® 500 KPa (10.4 Psf)
: A A4 750 KPa (1S.7 Psf)
+ + 100 KPa (20.9 Psf)
X X 125 KPa (26.1 Psf)
, o ¢ .50 KPa (313 Psf)
Y = + 4175 KPa (36.5 Psf)
o X X200 KPa (418 Psf)
— p4 Z 225 KPa (47.0 Psf)
¥ Y 2.50 KPa (52.2 Psf)
x x2.75 KPa (57.4 Psf)
* % 3,00 KPa (62.7 Psf)
_ X X 3.38 KPa (67.9 Psf)
’ | 1 3.50 KPa (73.1 Psf)
o Y *375 KPa (78.3 Psf)
o - -4.00 KPa (835 Psf} -
(V]
SERIES 4 WALL 3
o 1 1 1 A 1 [ S AN | A d 1 i 1 1 1 1 e

o 2 U 6 8 10 12 14 16 18 20 22 24 26 28 ‘30 32 .34

DEFLECTION (MM

Figure B-30 Stud Wall Deflections - Series No.4 Wall No.3



eI 163

‘O
4
b

, v T 1 T T ./ T T T T T T
o ,
O -—
o
™
=
O —
Ve
o
o
o | By
o
o
b
&
N sl 3 ‘ i
53 WALL PRESSURE : 4
e O ©.250 KPa (5.22 Psf)
T o ®.500 KPa (10:4, Psf) .
A4 4 750 KPa (1S.7 Psf)
+ + 100 KPa (20.9 Psf)
X X 125 KPa (26.1 Psf)
) ® ¢ 150 KPa (313 Psf)
= + 4+ 175 KPa (36.5 Psf)
o X X 2.00 KPa (418 Psf)
= z Z2.2S KPa (47.0 Psf)
Y Y 2.50 KPa (52.2 Psf)
X x 275 KPa (57.4 Psf)
¥ ‘#%3.00 KPa (62.7 Psf)
e X X 3.25 KPa (67.8 Psf)
v . 1 3.50 KPa (73.1 Psf)
o * %375 KPa (78.3 Psf)
. O. - t~4.00 KPa (83,5 Psf)
n = ,
3
SERIES 4 WALL 4 = -9
(@] y 1 1 1 1 1 1 1 1 1 4 - 1 1 1 1 L n .'~q">§~31

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 M
d

-DEFLECTION (I"IN)

Figure B-3' Brick Veneer Deflections ’-'Series No.4 Wall No.4




HEIGHT MM
1500

5%

:  '§§00

2000

1000

‘c
4

" 500
= ¥

CSERTES 4. WALL 4° .

b w o .
L
B i, C .
11 . . : B ‘
. 164
[N - .
o
a
X,
T T 1 “ T Y/. T T T Y T ]
'
',' -
s
N
Wt —
1% 4 . v
" .
. ¢ .
to—
v
“
0 \ )
PO
R
» .
N v

e

o/ ¢UALL PRESSURE |

; T -
& 'g"ggg}.m 0.250 KPa (5.22-Psf) /|
N FFo ®.500 KPa"10.4 Psf)

T 450 KP3 (5.7 Psf)
S +»L KR4 (20.9 Psf)
A X . KPa 126.1 Psf)
¢ of¥ -»oﬂ.so KPa (313 Psf) .,y
4 L #1175 KPa 436.5 Psf) -]
4% ¥ X200 KPat(418 Psf) 4
5 Z 235 KEX (47.06 Psf)’

T

52

“KRa. (§2.2 Psf)
75 ﬁPa 5874 Psf)

y4
. \
s .i s %300, -KPa 162} Psf) °
5 "X -, X828 KPa (67.9 Psf)‘
N S0 7 U350 KPe (73,13
¥ *x %375 KPa (783 o

~4.00-KPa (83.5 PSF)S« -

Ya?

Tap,l
PR 5

Ax W

8

10

1416 18. 20 22° 24 26 28 30 32 34

DEELECTIONﬁwwn e

- -

Flgure B- 32&Stuﬁ‘ Wa’rlweflecfhons - Serles Nb 4 }dall No

e Y \5 &
o : u‘ ©
B . -
. .
SR TRS PR
A ‘ o ol S s -
~ ’ R{_ PR o "
- 0
S N w2
G o
B ™ .
& 4 * Ré 8.
g b, »



HEIGHT: (M)

&

Y

3000

2000 f 2500

1500

1800

" 580

v A
g . J\r, e
. | / / 165 « ¥
<‘ I" 4"?”" ) ;‘ - .
e e ey e e y
bl ’i Lol
. # _
l ! E
. i . o »-':‘_»f 3
1. s IR '
o oo .
l.,‘j 7
|l ,
A .
o D s
P '(‘,’?2’; | \ . '
S : :
— } ' . ! p
A\““;:" !
JoEE L
' | : e
’ ) N _\-".
. “' o . s _
S WALL PRESSURE = 4
: 1) . O ©.750 KPa (5.7 Psf) o -
: I © @150 KPa (313 Psh) - | '
»d e
¢ ] : CME [N s
- | / N
. / _
. -.‘ .' ' 7 :,'3.'.«'.“. o -
oy - TEQT . ¥
O S ANALYSS |
Jo. . & C , '
sy 5 ) ; ARR s :
i . . - ¥ ) s ! e 4? “
. - s . 3# - > o . *
- : o (G S
D ST o Y ’% =
SERIES. 1 WALL. 1+ - kd u
i o Lo LR
N 3 1 1 L 1 2 L L ) P g d 1 1 B !
0 2 .4 6 ‘8. 10 12 18720 22 24 26 28 &S0 %2 W
DEFLECTION Ry A T

ure B- 33 ‘Brick Veneef*Def%lectleéfs - Serwes No. _.
- r

. Wggh Ana],y51s

Wall Np..



7]

3000

2000

500

pot

1000

- 2500

166

)

r1

WALL PRESSURE
m  ®.750 KPa (5.7 Psf) |
IV o® O 150 KPa (31.3‘ Psf)
N ”. .;‘, :‘)1" . - ‘
S I .
S ’ ' "
“ ’Q‘!
o -
e S TEST
. W .= — - - ANALYSIS |
o e
.8 5 ’
SERIES 1 WAL - ;
L 1 .le ] 1 ) ‘ l 1 l 1 J *l S, L .l 1 - |
2 4 6 8 10 12 18 20 22 24 (26 38 30 32 3u
DEFL@:TION (MM R
:r4 Stud Wall Deflectlons - Serles go Wall No. 1%‘
With Analysis -
L -'t'_ - . |
- ‘ ";«"‘x‘f . - . - . y .;
- -~ A - . <
-A.



m IO | 167

F‘V“-‘VT“ A b T T ,g“‘r‘ UL S ettty G (i S S M
t ; | , ' ' TR _Q . "
-] o “
S H ]
m v I
L l ) ‘
. . , f
o [ dhd Ao
a% |1 . .
o Sl CE
- 8 - Lo e 4 . ~
¥ i . ‘ ‘
Elcl.l Ai
4 )
P
Ob ) * Il
o L .
o ! N
o ol | ) B
2
— . k R ,
TS WALL PRESSURE
eriel M [m.500 KPa (0.4 Psf)
Lt o} ® 100 KPa (20.9 'Psf)
T A -4 150 KPa (3.3 Psf)
=
O —
. O
' TEST 4 : g
. —s% - - ANALYSTY
o ' 52
o . —
Wy ok R 5,4 ¥
b M
SERIES™2 WALL 2
§rO 1 1 1 1. x. f: ' ot ’L“t 1 L

8 10 12 !lk 18 “20; 22 2?’ 26 28 3‘%32 3‘4‘

S i oo 8
- . DEFLECT];@N ™
L3
wFigure B-35 Brlck Veheer .Deflect 'cns - Series No.2 Wa11 NO.2

e S | o ‘ With'Analygls

»ﬁ@ﬂ' =

7



!'.‘ B I A A A
™ - o
b
Q
o y
o ' —
v )
o
. ® \ i
Eg : . qﬁ? 2 » .:
o [l ]y - -1
o .
L R
55 I I O P
OZ; +} ﬁ
|.
To | | - WALL PRESSURE.
ge ‘m M .500 KPa (10.4 Psf)
L o © 1,00 KPa (20.3 Psfi:.
T . A 150 KPa (313 Psf)
L
S
(’&‘“
S K N |
8 .. ﬁ py - O -
) . TEST
! S = —--fRNﬂLYSIS
o
o ]
n , v
& 2 g
SERTES 2 WALL. 2
. (e ] ‘ . 5t 1 ) 1 1 1 1 1 i 1 tYi . 1 1 1 1 1 1

* Y"g 2 4 s 8 10

- % 55'

; ,31 Figure B-36 Sfud .Wail De

16 18 20 22 24 26 28 30 32 Sy

St d&FLECTION )

eﬂt}ons - Segzs.es No.2 Wall No 2
K
With Analysis>. =~ .

v 4



1689

0 2 4 6 8 10 12 14 16 18

DEFLECTION (1M

Figure B-37 Brick Veneer D¥flections - Series No.3 Wall No.2s

20 22 24 26 28 30 32 3y .

e

‘With Analysis : 5

J : -

..’25 ! )

C) -

m

] Q‘-
N o ‘3 s

D —

.

(qV]

O —

(en] i
i Lav]
=
'F—o ' E?.‘ , o
5S WALL PRESSURE |
H— u .500 KPa (10.4 Psf)
L ® ® 100 KPa (20.9 'Psf)
:5 a A 150 KPa (313 Psf).

[en)

D —

o

a.
. ——— TEST A
— — - - ANALYSIS ' o
SERIES 3 WALL 2 , s
[am] - v 1 1 y S 1 1 1 1 1 1 1 1“’,(



e

170
AL i B A A Ty T T T Ty s :"\'"i

R .

o a i

o

a) . .

w 5 ﬁ

o

= -
wn

o .

Y

o ®»

o . B

=

o

=
b |
\P Rl
l-—o- i
5o WALL PRESSURE
m-' m m.500 KPa (0.4 Psf)
T Ul © .00 KPa (20.8 Psf)
4 A 150 KPa (3L3 Psf)

o

o -

o

e
| . TEST
. — — - < ANALYSIS ,

o . : .

[ ] 9

wn kK :

Sw R S
. SERIES 3 WALL 2 -

D 1 R S I 1 1 'V’1 —L [ L n I 1 o 1 1: 2
-~ o2 6§ 8 10 12 14 18 -18. 20 22, 24 26 28 30 32 3y
@ DEFLECTION -G8 | NP

Yo . W
" E‘lguro B- 38 St ud Wal 1 Deflectwgt%s o Serles 1\& 3 w "No.2

. “‘JM" With An@lysm -

:.t‘“q - o ES 3




»"mr\%%{ : ) s ‘ ‘ VY(X;‘;:. . - T T
~T~v-‘-.£f"‘r'l T Al T T T T T i RS { T T
¥4 ; ‘ h
L o _
o | : -
o | | | }
(12}
o
' EJAIHL# A yoe !
|
o |11
o M ! 7]
1o L
::rﬁm ;
o : 3»;, »
o L iy ‘ -
o \
Y ol ,
=
&
= ‘ S
g%’ WALL PRESSURE i
e s ‘ @  @m.500 KPa (10.4 Psf)
L . ® ® 100 KPa (20.8 Psf)
L .4 150 KPa (313 Psf)

With.Analysis




172
7
(em )}
gg -
| g
1'%%]
o -
O g
\n .
AR
whE
o
o e ]
(e]
[4V]
=
g -
— . ‘
IO .
52 - WALL PRESSURE -
m-* m ®.500 KPa (10.4 Psf)
L o ® 100 KPa (20.9 Psf)
3 4 150 KPa (3.3 Psf)
o oo
O -
O -
TEST .
— — - - ANALYSIS : i
o L
o T ~
[Up] 5 } 3
- ‘ )bh:v“‘” . .
ok
ngﬁRIES 4 WALL 4
v 4 , ‘ '
D - 1 1 L [] 1 . .l L . 1 1 1 L i N 1 1
0 2 4 6 8 10 12 14 16. 18 '26 22 24 26 28 30 32 34
) DEFLECTION (MM)

Figure B-40 Stud Wall Deflections - Series No.4 Wall Nc.d4,
. a'“ét- ' .

: “With Analysis

«? .



